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Microtoid cricetids and the early history of arvicolids
(Mammalia, Rodentia)

Oldrich Fejfar, Wolf-Dieter Heinrich, Laszlo Kordos, and Lutz Christian Maul

ABSTRACT

In response to environmental changes in the Northern hemisphere, several lines
of brachyodont-bunodont cricetid rodents evolved during the Late Miocene as “micro-
toid cricetids.” Major evolutionary trends include increase in the height of cheek tooth
crowns and development of prismatic molars. Derived from a possible Megacricetodon
or Democricetodon ancestry, highly specialised microtoid cricetids first appeared with
Microtocricetus in the Early Vallesian (MN 9) of Eurasia. Because of the morphological
diversity and degree of parallelism, phylogenetic relationships are difficult to detect.
The Trilophomyinae, a more aberrant cricetid side branch, apparently became extinct
without descendants. Two branches of microtoid cricetids can be recognized that
evolved into “true” arvicolids: (1) Pannonicola (= Ischymomys) from the Late Vallesian
(MN 10) to Middle Turolian (MN 12) of Eurasia most probably gave rise to the ondatrine
lineage (Dolomys and Propliomys) and possibly to Dicrostonyx, whereas (2) Microt-
odon known from the Late Turolian (MN 13) and Early Ruscinian (MN 14) of Eurasia
and possibly parts of North America evolved through Promimomys and Mimomys
eventually to Microtus, Arvicola and other genera. The Ruscinian genus Tobienia is
presumably the root of Lemmini. Under this hypothesis, in contrast to earlier views, two
evolutionary sources of arvicolids would be taken into consideration. The ancestors of
Pannonicola and Microtodon remain unknown, but the forerunner of Microtodon must
have had a brachyodont-lophodont tooth crown pattern similar to that of Rotundomys
bressanus from the Late Vallesian (MN 10) of Western Europe. Possibly, Pannonicola
and Microtodon share a common ancestor. The fossil record suggests that an impor-
tant center of origin for arvicolids was located in northeast Asia. From this region arvi-
colids could have dispersed to Europe and North America and vice versa during the
late Cenozoic at various times.
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INTRODUCTION

Arvicolids are muroid rodents that first
appeared in the Late Miocene of Eurasia and North
America and have been widely dispersed in the
Northern Hemisphere since that time (Repenning
1987; Repenning et al. 1990; Fejfar et al. 1997).
Today, arvicolids include the lemmings, muskrats,
meadow mice, red-backed voles, heather voles,
sagebrush voles, and the mole voles. They are one
of the most successful groups of rodents to inhabit
the northern continents during the late Cenozoic.

The fossil record of arvicolids is outstandingly
rich. Their high-crowned prismatic molars can be
readily distinguished from those of any other
rodent group. Arvicolid cheek teeth and other skel-
etal remains can easily be obtained in great quanti-
ties by washing and sieving sediment. Enormous
numbers of sites scattered widely in Eurasia and
North America have produced diverse assem-
blages of fossil arvicolids. An increasing body of lit-
erature provides much information about their
taxonomy, distribution, biostratigraphy, evolution,
and phylogeny. However, data about the roots and
early history of arvicolids are rather limited (e.g.,
Hinton 1926; Repenning 1968; Kretzoi 1969;
Rabeder 1981; Fejfar and Heinrich 1983; Nesin
and Topachevskij 1991; Topachevskij and Nesin
1992; Fejfar et al. 1997; Chaline et al. 1999; Agad-
janjan 2009) and a generally accepted model
about the origin of voles and lemmings has not yet
been established.

Today, there is no doubt that arvicolids
evolved from a specialised branch of advanced
cricetid rodents designated by the informal name
“microtoid cricetids” by Schaub (1934). “Microtoid”
means arvicolid-like, since not all of these forms
evolved to the group of true arvicolids. The terms
arvicolids and microtids (Arvicolidae and Microti-
dae) are currently used as synonyms, traceable
back to Miller (1896) who considered the genus
Arvicola as a junior synonym of Microtus and there-
fore rejected the name Arvicolidae Gray, 1821 and
used Microtidae Cope, 1891 (Kretzoi 1990).

The systematic rank of arvicolids has been
debated for many years (e.g., Kretzoi 1969;
Musser and Carleton 1993 and references herein).
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Many authors refer arvicolids to subfamily rank
(Arvicolinae), but given high species diversity and
the specialised adaptive level, they are considered
by some workers to be of family rank (e.g., Niet-
hammer 1982), a view shared by the present
authors.

Extant arvicolids and cricetids are morphologi-
cally well distinguished, but fossil forms display
transitions in many characters. Arvicolids are eco-
logically and morphologically adapted to digging
and eating less nutritious vegetative plant remains,
mainly monocots (Gramineae), and do not hiber-
nate, whereas Eurasian cricetids mainly eat seeds
and roots and do hibernate (Niethammer 1982).

A crucial feature of arvicolid molars is that
they are, or show tendency to become, hypsodont.
Parallel and angled lateral walls (in some older
forms slightly conical) cause a more or less con-
stant occlusal surface in all grinding levels, which is
called a “prismatic” form. The chewing surface is
flat with serial prisms alternating on buccal and lin-
gual sides. The enamel band is undifferentiated in
primitive taxa and mainly differentiated in derived
taxa. Cricetids originally have brachyodont and
bunodont molars with cutting edges at the tuber-
cles and not planar occlusal surface. Arvicolids and
cricetids differ in several cranial features and in
enamel microstructure, adapted to various modes
of chewing and biomechanical forces resulting
from the positions of muscles (Repenning 1968;
von Koenigswald 1980).

However, since it is evident that arvicolid-like
characters evolved independently within cricetids
at several times, the question remains as to which
cricetid rodents gave rise to “true” early arvicolids.
In the following, we summarise data from the rele-
vant time interval and discuss possible phyloge-
netic relationships between the various microtoid
cricetids and early arvicolids in order to enlighten
the basal phase of arvicolid evolution. Primitive cri-
cetids and arvicolids of Eurasia are the main focus
of the present paper.

The biochronological framework used in the
present paper is that of Repenning (1987), Tedford
et al. (1987, 2004), Fejfar and Heinrich (1990), Fej-
far et al. (1997, 1998) and Martin (2003a). The use
of MN zones of the European Neogene mammal



chronology follows Mein (1990, 1999), usage of the
Neogene mammal faunal units (NMU) in China Qiu
et al. (1999) and Qiu and Li (2003). A graphical
review of the significant taxa of cricetids, microtoid
cricetids and early arvicolids is given in Figures 1-
6. The palaeogeographical and stratigraphical
ranges of the considered taxa are shown in Figure
7. In the following descriptions, lower case denotes
lower teeth and upper case denotes upper teeth.
For elements of the occlusal surface the terminol-
ogy of Fahlbusch (1964) and van der Meulen
(1973) is used.

CHEEK TOOTH ADAPTATIONS IN CRICETIDS,
MICROTOID CRICETIDS AND ARVICOLIDS

During the Late Miocene various lineages of
cricetids developed similar dental adaptations
toward increasing hypsodonty. The acquisition of
hypsodont molars was a remarkable advantage,
because high-crowned cheek teeth are more
adapted to wear and therefore are more suitable
for a diet of abrasive grasses (e.g., Gramineae),
which were gaining prominence on a worldwide
scale at this time (Fortelius et al. 2003). A second
adaptation of certain cricetid rodents, the develop-
ment of a more complex crown pattern of the
cheek teeth, began slightly before hypsodonty was
achieved. It also evolved progressively and had the
same advantage, increasing the amount of enamel
available for chewing and ensuring that a chewing
surface with enamel ridges (cutting edges) per-
sisted throughout life.

Complexity of tooth crown pattern was in the
form of transverse infolding of the enamel walls of
the sides of the teeth in these muroids, and this
produced a series of transverse ridges, or lophs.
This lophodont condition was ideal for chewing by
moving the teeth horizontally across each other.
This type of chewing is comparable to sharpening
an axe by holding a file parallel to the cutting edge
and drawing it parallel to the axe head; all grinding
points come into contact with the cutting edge of
the axe, but for a very short stroke. In combination
with increased hypsodonty, the lophs could be
worn flat, producing a series of enamel edges at
the site of infolded enamel walls of the lophs. A
Morpho-functional model of evolution towards lon-
gitudinal masticatory movement from Cricetids to
Arvicolids is demonstrated by Lazzari et al. (2008).

Propalinal chewing, moving the teeth forward
and backward over each other, greatly increases
the number of enamel-to-enamel contacts with one
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stroke, maximizing return for muscle effort in chew-
ing; it also evolved in many other types of mam-
mals, e.g., elephants.

Evidence indicates that development of hyp-
sodonty in cricetid molars happened simultane-
ously in several lineages and in different areas of
Eurasia and North America in response to a graz-
ing habit (e.g., Fejfar and Heinrich 1983; Repen-
ning 1987; Repenning et al. 1990; Fejfar and
Repenning 1992; Fejfar 1999; Kalin 1999; Bell
2000).

Lineages have yet to be traced through the
labyrinth of varied combinations of specialization
by molar hypsodonty, complexity, and chewing
methods. The fossil record of microtoid cricetids
suggests that dental complexity followed two pat-
terns: first, initial opposition of the cusps to form
complete cross-lophs on the teeth; and second, ini-
tial alternation of the cusps to produce alternating
hemi-lophs on the molars. The latter apparently led
to the particular arvicolid condition characterised
by the increasing development of alternating pris-
matic columnar cusps on high-crowned molars.
However, the fossil record reveals that some
microtoid cricetids gradually changed well-devel-
oped lophodont molars to cheek teeth with alter-
nating triangular hemi-lophs, indicating an
independent evolutionary pathway to the arvicolid
condition.

In any case, alternating prismatic triangles
seem to be the optimum condition in hypsodonty
and complexity of molar structure, presumably
because they reduce by half the force needed to
perform propalinal chewing at any specific
moment. Nevertheless, efficient propalinal chewing
required some modification of jaw musculature,
and this appears to be another typical arvicolid
specialization, judging from its general absence in
microtoid cricetids (Repenning 1968).

In this paper, selected true early arvicolids
and microtoid cricetids are reviewed and possible
relationships between microtoid cricetids and their
ancestors are discussed briefly. The molars of the
considered rodent taxa are arranged morphologi-
cally (typologically) in eight tooth groups (A-H),
ranging from brachyodont-bunodont to hypsodont-
prismatic cheek teeth (Table 1, Figures 1, 7). It is
beyond the scope of this paper to provide a taxo-
nomic classification, which can only follow clarifica-
tion of many uncertainties rendered in the following
discussions.



FEJFAR ET AL.: ORIGIN OF ARVICOLIDS

TABLE 1. The morphological (typological) tooth groups (A-H) with included taxa and their ranges

Tooth groups Taxa Distribution Range
Group A
Brachyodont and Megacricetodon Europe Asia Late Orleanian (MN 4b) to Early
mesodont molars Vallesian (MN 9) Turkey: up from MN
with bunodont dental 3
pattern China: MN 4 to MN 8
Democricetodon Europe Asia Late Orleanian (MN 4a) to Late
Vallesian (MN 10)
Turkey: up from MN 1
China: MN 4 to MN 9
Kowalskia Europe Asia Early Vallesian (MN 9) to Early
Villanyian (MN 16b) China: MN 11 to
MN 16
Collimys Europe middle Astaracian (MN 7)
transversus
Collimys Europe Early Vallesian (MN 9)
longidens
Collimys primus Europe Early Turolian (MN 11)
Copemys North Late Arikareean to Late Blancan
America
Group B
Brachyodont molars Rotundomys Europe Vallesian (MN 9, MN 10)
with lophodont dental bressanus
pattern
and planar occlusal
surface
Rotundomys Europe Late Vallesian (MN 10)
montisrotundi
Group C
Mesodont molars Microtocricetus Europe Vallesian (MN 9, MN 10)
with tendencies towards  molassicus
prismatic dental pattern
Group D
Mesodont Microtoscoptes Asia Late Turolian (MN 13) or Early
and hypsodont molars praetermissus Ruscinian (MN 14)
with prismatic dental
pattern
and opposing and slightly
alternating triangles
Microtoscoptes East Europe Late Turolian (MN 13)
tjuvaensis
Paramicrotoscopt North Early Hemphillian
es hibbardi America
Goniodontomys North Early Hemphillian
disjunctus America
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TABLE 1 (continued).

Tooth groups Taxa Distribution Range
Group E
Mesodont and hypsodont Trilophomys Europe Early Ruscinian (MN 14) to Late
molars pyrenaicus Ruscinian (MN 15)
with prismatic dental
pattern

and opposing triangles;
M1, m1, and m2
trilophodont

Trilophomys Europe Early Ruscinian (MN 14) to Late
Trilophomys Europe Early Ruscinian (MN 14) to Late
Trilophomys Europe Late Ruscinian (MN 15)
Trilophomys sp. Europe Late Villanyian (MN 17)

Group F

Mesodont molars Pannonicola sp. Europe Late Vallesian (MN 10)

with prismatic dental

pattern

and opposing and

alternating triangles
Pannonicola Europe middle Turolian (MN 11)
(=lschymomys)
brevidens
Pannonicola Asia Early Turolian (MN 11)
(=Ischymomys)
ponticus
Pannonicola Europe middle Turolian (MN 12)
(=lschymomys)
quadriradicatus

Group G

Mesodont molars Anatolomys Asia Late Turolian (MN 13) to Early

with prismatic dental teilhardi Ruscinian (MN 14)

pattern

and alternating triangles
Celadensia Europe Late Turolian (MN 13) to Early
nicolae Ruscinian (MN 14)
Baranomys loczyi Europe Late Ruscinian (MN 15) to Early

Villanyian (MN 16)
Baranomys Europe Late Ruscinian (MN 15)
longidens
Baranomys Europe Early Ruscinian (MN 14a)
kowalskii
Bjornkurtenia Europe Early Ruscinian (MN 14) to Late
canterranensis Ruscinian (MN 15)
Microtodon atavus Asia Late Turolian (MN 13) to Early
Ruscinian (MN 14)

Baranarviomys Europe Late Turolian (MN 13)
admirabilis
Promimomys cor Europe Early Ruscinian (MN 14b)
Promimomys Europe Early Ruscinian (MN 14a)
insuliferus
Promimomys sp. Europe Asia Late Turolian (MN 13)
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TABLE 1 (continued).

Tooth groups Taxa Distribution Range
Prosomys mimus North Late Hemphillian
America
Group H
Hypsodont molars Mimomys Europe Late Ruscinian (MN 15a)
with prismatic dental vandermeuleni
pattern
and alternating triangles
Tobienia kretzoii Europe Late Ruscinian (MN 15b)
Lemmini nov. Europe Late Ruscinian (MN 15b)
gen., nov. sp.
Mimomys Europe Late Ruscinian (MN 15b)
Mimomys Europe Late Ruscinian (MN 15b) to Early
Aratomys Asia Early Ruscinian (MN 14)
bilikensis
Aratomys Asia Early Ruscinian (MN 14)
multifidus
Dolomys adroveri Europe Late Ruscinian (MN 15a)
Dolomys milleri Europe Late Ruscinian (MN 15b) to Early
Dolomys nehringi Europe Early Ruscinian (MN 14b) to Late
Propliomys Europe Early Ruscinian (MN 14b) to Early
Cosomys primus North Middle Blancan
America
Cosomys taylori North Middle Blancan
America
Ogmodontomys North Early Blancan I
poaphagus America
Cosomys North Blancan |
sawrockensis America
Ophiomys North Blancan |
mcknigthi America
Pliophenacomys North Blancan Il
finneyi America
Pliophenacomys North Blancan |
wilsoni America
Protopliophenaco North Late Hemphillian
mus parkeri America

MIOCENE AND PLIOCENE CRICETIDS,
MICROTOID CRICETIDS AND ARVICOLIDS

Tooth group A: Brachyodont and mesodont
molars with bunodont dental pattern

Megacricetodon Fahlbusch, 1964
Democricetodon Fahlbusch, 1964
Kowalskia Fahlbusch, 1969
Collimys Daxner-Hock, 1972
Copemys Wood, 1936
Figures 1,7

Among cricetids  Megacricetodon  and
Democricetodon appeared together with Eumyar-
ion, Anomalomys and Neocometes during the early

Miocene of Europe (Late Orleanian, MN 4) as
immigrants (e.g., Kalin 1999; Doukas 2003; Mein
2003), but only Megacricetodon and Democricet-
odon could belong to the stock that gave rise to
microtoid cricetids, arvicolids and extant cricetids
owing to their specific molar patterns. Democricet-
odon entered the fossil record slightly before
Megacricetodon (Kalin 1999; Sesé 2006). Megac-
ricetodon has relatively small molars characterised
by a double-cusped antercone and anteroconid.
Major evolutionary trends of Mega-cricetodon
include (Kalin 1999): increase in size, differentia-
tion of the anteroconid along with the reduction of
the mesoloph(id)s as well as the reduction and



thickening of the posterolophid. In addition, the
mesosinus became directed more anteriorly in
stratigraphically younger species.

In contrast to Megacricetodon, the molars of
Democricetodon are relatively shorter and broader.
The anteroconid is short and undivided. The para-
cone is double-cusped in primitive species or
three-cusped in advanced forms. There are well-
developed elongated mesolophs and mesolophids
as well as external ridges (“Zwischensporne” in the
sense of Fahlbusch 1964). Major evolutionary
trends are restricted to size increase and the devel-
opment of additional ridges.

Democricetodon and Megacricetodon are
most common in the Middle Miocene of Europe.
Important lineages have been reported for Megac-
ricetodon in Central Europe (Kalin 1999; Abdul
Aziz et al. 2007) M. aff. collongensis - M. cf. bavar-
icus - M. bavaricus - M. aff. bavaricus - M. lappi)
and Western Europe (Kalin 1999: M. primitivus —
M. ibericus). Megacricetodon ranges in Europe
from late Orleanian (late MN 4) to Early Vallesian
(late MN 9), Democricetodon from late Orleanian
(early MN 4) to Late Vallesian (MN 10) (Heissig
1990; Kalin 1999; Sesé 2006; Prieto et al. 2010). A
similar age range is known from Asia. Among the
last occurrences of Democriceton in Europe are
the sites of Masia del Barbo (Spain) and Sucho-
masty (Czech Republic) from early MN 10 (Mein
2003).

Democricetodon, for which the center of
development was likely central to eastern Europe
(Freudenthal 2006), gave rise to Kowalskia, which
first appeared as a morphotype in advanced popu-
lations of Democricetodon freisingensis and
Democricetodon sp. during the late Early Vallesian
(MN 9). However, derivation from another
Democricetodon species seems also possible
(Kalin 1999).

The double-cusped paracone and paraconid,
the pronounced elongated mesoloph and mesolo-
phid, and the relatively long and broad tooth
crowns of M1 and m1 are typical traits that distin-
guish Kowalskia from other contemporary cricetid
genera. In Europe, there is a gradual evolutionary
sequence of taxa (lineage) within Kowalskia rang-
ing from the late Early Vallesian (MN 9) up to the
Early Villanyian (MN 16) (Daxner-Hock 1995).
Kowalskia was one of the most common cricetids
in the European Late Miocene (Daxner-Hock et al.
1996; Kalin 1999). Many species were described
from the Late Miocene and Early Pliocene of west-
ern, southern and central Europe, among them
(Daxner-Hock 1995; Kretzoi and Fejfar 200534 ):
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Kowalskia fahlbuschi (e.g., Rudabanya, Hungary,
MN 9; Kohfidisch, Austria, MN 10), Kowalskia occi-
dentalis (Crevillente 2, Spain, MN 11), Kowalskia
schaubi (Csakvar, Hungary, MN 11), Kowalskia
skofleki, Tardosbanya, Hungary, MN 12), Kowal-
skia nestori (Baccinello V-3, Italy, MN 13/14), Kow-
alskia browni (Maramena, Greeke, MN 13/14),
Kowalskia polonica and Kowalskia magna (Podle-
sice, Poland, MN 14), and Kowalskia intermedia
(lvanovce, Slowakia, MN 15). In eastern Europe,
Kowalskia progressa (MN 97?7, Topachevskij and
Skorik 1992) and Kowalskia moldavica (MN 10?,
Lungu1981) were reported. One tooth of Kowalskia
polonica was found in the Polish locality Rebielice
Krolewskie (MN 16b) (Pradel 1988), but according
to Kowalski (2001) this record needs confirmation.
According to Daxner-Hock (1995), at least two lin-
eages are recognised in Central Europe: Kowal-
skia fahlbuschi that developed to Kowalskia
polgardiensis, and Kowalskia schaubi evolving
through Kowalskia skofleki — Kowalskia magna —
Kowalskia polonica to Kowalskia intermedia.

Collimys has been reported from the Middle
and Late Miocene of Central Europe. Dental traits
are (Kalin 1999): the loss of the anterior protolo-
phule in M2 and a flat chewing surface along with
distinctly increased and thickened mesoloph(id)s.
The stratigraphically oldest species is Collimys
transversus from the Middle Astaracian (MN 7) at
Steinheim am Aalbuch, Germany (Heissig 1995).
Collimys transversus possessed brachyodont
molars with a primitive crown pattern character-
ised, for instance, by the absence of the ectomeso-
lophid in lower molars (Heissig 1995). The crowns
of Collimys longidens from the Early Vallesian (MN
9) of Nebelbergweg, Switzerland, are slightly
higher (mesodont) than those of Collimys transver-
sus (Kalin and Engesser 2001). Much more
derived is Collimys primus from the Early Turolian
(MN 11) site Eichkogel, Austria, (Daxner-Hock
1972) that displays distinctly hypsodont cheek
teeth. Among Cricetini, the Middle Miocene Col-
limys developed first tendencies toward hypsod-
onty followed by Cricetulodon and Rotundomys
that occurred in the Late Miocene (Kalin 1999).
Collimys is likely to have evolved from Democricet-
odon.

Democricetodon, Megacricetodon, and Kow-
alskia have a more cosmopolitan fossil record than
does Collimys for which localities are confined to
Europe. Democricetodon and Megacricetodon
were widely distributed across Asia during the Mid-
dle Miocene. Important records of Democricetodon
and Megacricetodon are known, for instance, from
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FIGURE 1. (left and right) Overview of Late Miocene and Pliocene genera of cricetids of Eurasia and North America.
Typical molars are assemblaged in five rows: m1 occlusal and buccal views; M1, M3, m3 occlusal views. All are fig-

ured as left molars; not to scale.

many early to late Middle Miocene sites of China
(e.g., Fahlbusch 1969; Qui et al. 1981; Qui 1990;
Lindsay 1994; Qiu and Qiu 1995) and Pakistan
(e.g., Bruijn and Hussein 1984; Jacobs and Lind-
say 1984; Lindsay 1987, 1988, 1994), those of
Kowalskia from Late Miocene and Early Pliocene
localities in China (e.g., Lindsay 1994; Qiu and Qiu
1995; Qiu and Storch 2000).

Both Democricetodon and Megacricetodon
appeared in China for the first time during the late
Early Miocene (late Shanwangian, MNU 4), equiv-
alent with the late Orleanian (MN 4, and perhaps
parts of MN 3) in Europe (Qiu and Li 2003). Impor-
tant sites of this temporal interval are, for instance,
Sihong (Democricetodon sp., Megacricetodon sp.)
and Gashunyinadege (Democricetodon cf. lindsayi,
Megacricetodon cf. sinensis) as well as from
Wouerte in northern China (Megacricetodon sp.)
(Qiu et al. 1999; Qiu and Wang 1999; Qiu and Li
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2003). Megacricetodon yei is known from the first
sand bed of the early Middle Miocene Halamagai
Formation exposed at Site XJ 98018 of the Tieersi-
habahe locality in the northern Junggar Basin,
China (Bi et al. 2008). According to Qiu and Qiu
(1995), the evolutionary level of Democricetodon
sp., Megacricetodon sp. from Sihong corresponds
approximately with that of Megacricetodon collon-
gensis and Democricetodon brevis of the Euro-
pean mammal zone MN 4. As revealed by the
Tunggur local fauna (Qiu et al. 1999; Qiu and Li
2003), Megacricetodon sinensis, Megacricetodon
pusillus, Democricetodon lindsayi and Democricet-
odon tongi were distributed in the northern parts of
China during the late Middle Miocene (late Tunggu-
rian, NMU 7), roughly correlatative with the Euro-
pean late Astaracian (MN 7, MN 8).
Democricetodon sp. was reported from the early
Late Miocene locality Amuwusu, Nei Mongol (early
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FIGURE 1 (continued).

Baodean, NMU 8), the age of which correlates
probably to the early Vallesian (MN 9) of the Euro-
pean mammalian Neogene chronology (Qiu and
Wang 1999; Qiu and Li 2003; Qiu et al. 2003).
According to data given by Lindsay (1994), Qiu and
Qiu (1995), Qiu et al. (1999), Qiu and Li (2003),
and Qiu et al. (2003), Megacricetodon apparently
disappeared in China during the late Middle Mio-
cene (late Tunggurian, late Astaracian, MN 8), fol-
lowed by Democricetodon in the early Late
Miocene (early Baodean, early Vallesian, MN 9)
(Mein 2003).

The early dispersal history of Democricetodon
and Megacricetodon in Europe and in the northern
and eastern parts of Asia appears to be roughly
concordant with the fossil record of Asia Minor
(Anatolia). Democricetodon seems to appear there
for the first time during the early Agenian (MN 1),
followed by Megacricetodon during the Early
Orleanian (MN 3) (Unay et al. 2003). However,
these early occurrences remain to be confirmed by
further material and study. Both genera apparently
survived in this region until the Late Astaracian

(MN 8) (Simengen et al. 1990; de Bruijn et al.
2003; Unay et al. 2003). Based on the cricetid
record, the fauna from Pasalar, Anatolia, Turkey
(Pelaez-Campomanes and Daams 2002), contain-
ing Megacricetodon andrewsi and Democricetodon
brevis can be correlated with the late European
mammal zone MN 6 (Early Astaracian). Democric-
etodon dispersed during the Early Miocene through
Saudi Arabia into North Africa prior to about 14 Ma
(Jebel Zelten, Libya: Savage 1990; Winkler 1994.
However, this record is considered “Cricetidae gen.
et sp. indet.” by Wessels et al. (2003). Democrice-
tines are also known from the Early Miocene of
East Africa and Namibia (Mein 2003) and the Mid-
dle Miocene of East Africa (Winkler 1994; Mein
2003).

As in Europe, Kowalskia appears in the fossil
record of eastern Asia distinctly later than Megac-
ricetodon and Democricetodon. One of the earliest
species, Kowalskia hanae, is from the middle Late
Miocene Shihuiba site in southern China (middle
Baodean, NMU 10), a possible equivalent of the
Middle Turolian (MN 12) in Europe (Qiu and Li

9
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FIGURE 2. Examples of Late Miocene Cricetids I: potential ancestors of the microtoid adaptation. 1-3: Democricet-
odon gaillardi (Schaub, 1934) from Sansan, middle Miocene, MN 6, France; 4, 5: Democricetodon cf. freisingensis
Fahlbusch, 1964 from Rudabanya, early Vallésian, MN 9, Northeast Hungary; 6, 7: Kowalskia intermedia Fejfar,
1970 from Ivanovce at Trencin, late Ruscinian, MN 15, Western Slovakia; 8-11, 20: Rotundomys bressanus Mein,
1975 from Soblay (Ain), middle Turolian, upper level of MN 10, Southeast France; 12-14: Anatolomys teilhardi
(Schaub, 1934) from Ertemte 2, inner Mogolia, late Turolian MN 13, China; 15: Copemys tenuis Lindsay, 1972 and
16: Copemys barstowensis Lindsay, 1972 from the Barstow Formation, middle Miocene, California, USA; 17: Cope-
mys esmeraldensis Clark, Dawson and Wood, 1964 from the upper part of the Barstow sequence, Barstovian, Cali-
fornia, and the Esmeralda Formation, Clarendonian, Nevada, both middle Miocene,USA; 18: Rotundomys
sabadelliensis (Hartenberger, 1966) from Can Llobateres, early Vallésian, upper level MN 9, Spain; 19: Rotundomys
montisrotundi (Schaub, 1944) from the lignites of Montoulieres, Hérault, middle Turolian, lower level of MN 10,
France. — 1-16, 18ab, 19ab, 20ab: occlusal views of the M1 (1, 4, 6, 8, 10, 12, 15), M1-3 (18b, 19b, 20b), m1 (2, 5,
7,9, 11,13, 16) and m1-3 (18a, 19a, 20a); 3, 14, 17, 18c, 19c, 20c: buccal views. All figured as left molars; not to
scale.
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FIGURE 3. Examples of late Miocene Cricetids II: the earliest records of microtoid-prismatic morphology in molars. 1-
14: Pannonicola Kretzoi, 1965 (= Ischymomys Topachevskij et al., 1978): 1-12: Pannonicola brevidens Kretzoi, 1965
from Sumegpraga (1-4, 9-10), from from Jaszladany (5, 6, the Type) and Nyarad (7, 8), all late Pannonian, Turolian,
MN 11, N. Hungary; 11 - 12: Pannonicola brevidens Kretzoi, 1965 from Frunzovka 2 at Odessa, late Pannonian, Tur-
olian, MN 11, Ukraine; 13, 14: Pannonicola quadriradicatus (Zazhigin, 1972) from Ishim strata, on the right bank of the
Ishim River, Petropavlovsk, late Pannonian, Turolian, MN 12, Kazakhstan; 15 - 23: Microtocricetus molassicus Fahl-
busch and Mayr, 1975 from Hammerschmiede, Bavarian freshwater molasse, early Vallésian, MN 9, Southeast Ger-
many (15-17) and Rudabanya, early Vallésian, MN 9, Northeast Hungary, (18-23). — 1, 3, 5, 7, 9, 11-14, 15-20:
occlusal views, 2, 4, 6, 10, 21-23: buccal views, 8: lingual view; 1, 3, 11, 13: m1; 20: M1; 12, 14: M3; 15-16: m1-3; 18:
m1-2: 17: M1-3; 19: M1-2. All figured as left molars; not to scale.

1
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FIGURE 4. Members of subfamily Microtoscoptinae. 1-9, 19, 20: Microtoscoptes praetermissus Schaub, 1934 from
Ertemte 2, Inner Mongolia (Nei Mongol), late Turolian MN 13, China; 10, 15, 16: Goniodontomys disjunctus Wilson,
1937 from USGS Cenozoic locality 20766, Kelly Road local fauna at Jackson Hole, Teton County, Wyoming (13),
Strout Claime, Gooding County, Idaho (12) and combination of two jaws from Kelly Road local Rome (Repenning
1968, text.fig. 8) and Malheur County, Oregon, USA (10), USA; 11-14, 17, 18: Paramicrotoscoptes hibbardi Martin,
1975 from Barlett Mt., Harney County, Oregon, (17, 18) and Lemoyne, Ash Hollow Formation, Ogallala Group, Keith
County, Nebraska, USA (11-14); all North American records of microscoptines: early Hemphillian. 1, 15, 17: m1-3; 2,
3, 16, 18: M1-3; 4-6, 11, 13: m1; 7-9: m3; 12, 14: M 3; 19: m1-3; 20: M1-3. 1-9, 12-18: occlusal views; 10, 19: buccal
views, 20: lingual view. All figured as left molars; not to scale.
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FIGURE 5. 1, 2, 4, 5: Trilophomys depereti Fejfar, 1961 from Ivanovce at Trencin, late Ruscinian, MN 15, Western
Slovakia; 3, 28, 29: Trilophomys schaubi Fejfar, 1961 from lvanovce at Trengin, late Ruscinian, MN 15, Western Slo-
vakia; 7-13: Bjornkurtenia canterranensis (Michaux, 1976) from Gundersheim near Worms, late Ruscinian, MN 15,
Western Germany; 6, 14-16, 21, 22, 26, 27: Baranomys longidens (Kowalski, 1960) from Gundersheim 2 near
Worms, Western Germany (14-16, 26, 27) and Ostramos 7, N. Hungary, late Ruscinian, MN 15 (21, 22, 6); 17, 18,
20, 23: Celadensia nicolae Mein, Moissenet et Adrover, 1983 from Celadas 8, late Turolian (MN 13, eastern Spain;
19, 24, 25: Anatolomys teilhardi Schaub, 1934 from Ertemte 2, Inner Mongolia (Nei Mongol), late Turolian MN 13,
China. - 1, 21, 23, 24: m1-3; 2, 22, 25: M1-3; 3, 4, 7-13, 14-20, 26-29: m1; 5, 6: lower right jaws, buccal views. 12,
19, 20, 26, 28: buccal views; 13, 27, 29: lingual views. All figured as left molars; not to scale.
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FIGURE 6. 1-7: Microtodon atavus Schlosser, 1924 from Ertemte 2, Inner Mongolia (Nei Mongol), late Turolian MN
13, China; 8-13: Prosomys mimus Shotwell, 1956 from Christmas Valley, Lake County, Eastern Oregon, late Hemp-
hillian, USA; 14-18, 20, 24, 25: Promimomys insuliferus (Kowalski) from Podlesice, early Ruscinian, MN 14, South-
ern Poland (15-16, 22, 27, 28) and from Antipovka, the Central Russian Plain, South Ural, early Ruscinian, MN 14,
Russia (17,18,20,21); 19, 23-26: Promimomys cor Kretzoi from Vendargues, early Ruscinian, MN 14a, southern
France. - 1-5, 9-11, 13, 14, 17-18, 22, 23, 25, 26: m1; 6, 7, 12, 24: M3; 15: m1-3; 16: M1-3; 27, 28: lower left jaw with
m1-2; 1-12, 15-21, 24-26: occlusal views; 13, 14, 22, 23, 27: buccal views, 28: lingual view. All figured as left molars;
not to scale.
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2003), as is Kowalskia gansunica from Songshan
(Lindsay 1994; Qiu and Li 2003). Possibly slightly
older records of Kowalskia are from Shala (Qiu and
Wang 1999) that is middle Baodean (early NMU
10) in age, possibly early Turolian (MN 11). Kowal-
skia neimengensis and Kowalskia similis are
known from the famous late Late Miocene (late
Baodean, NMU 11) local fauna from Ertemte, cor-
related with the late Turolian (MN 13). In the Late
Miocene to Early Pliocene section locality 93002;
Lingtai, Gansu, range Kowalskia cf. similis from the
middle Baodean (approximately Middle Turolian,
MN 12) to the early Yushean (Early Ruscinian, MN
14), and Kowalskia neimengensis from the middle
Baodean (Middle Turolian, MN 12) to later Yush-
ean (approximately Late Ruscinian, MN 15) (Zhang
and Zheng 2000; Zheng and Zhang 2001). The
Early Pliocene (early Yushean, NMU 12) site of
Bilike, coeval with the Early Ruscinian (MN 14),
has produced Kowalskia zhengi and Kowalskia cf.
similis (Qiu and Storch 2000). Kowalskia neimen-
gensis from Harr Obo (Wu 1991; Qiu and Storch

2000) is similar in age (MN 14). Kowalskia sp. has
been reported from the late Pliocene (late Yush-
ean, MNU 13) deposits of the Laowogou section
near Daodi in northeastern China (Zhang et al.
2003). This site was correlated with the MN 16
zone (Qiu and Li 2003) indicating that Kowalskia
survived in China into the Early Villanyian, as in
Europe. Kowalskia sp. has recently been reported
from the Udunga site (level 2, 3) located in the
Transbaikal area and considered Early Villanyian
(MN 16a) in age (Erbajeva et al. 2003).

The earliest appearance of the cricetid Cope-
mys in North America coincides with the beginning
of the Hemingfordian or somewhat before (Lindsay,
2008), which roughly correlates to the early Orlea-
nian (Prothero 2006) in Europe, and ranged into
the early Pliocene. The lower jaw morphology and
the tooth crown pattern of Copemys are very simi-
lar to that of of the Eurasian Democricetodon.
Therefore, Copemys is considered to be very near
to Democricetodon (Fahlbusch 1967), but it is not
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justified to make Democricetodon a junior synonym
of Copemys (Freudenthal 2006).

According to Fejfar et al. (1996), Copemys
pagei from the Middle Miocene Barstow Formation
(California) is one of the earliest North American
taxa and could have been derived from Eurasian
cricetids (Democricetinae), as formerly suggested
by Fahlbusch (1967). Slaughter and Ubelaker
(1984) proposed an origin of Neotropical cricetine
rodents and North American peromyscines from
Copemys. In contrast, Jacobs and Lindsay (1984)
considered Copemys to be an immigrant and sug-
gested a non-copemyine ancestor for the Neotropi-
cal cricetine rodents: the Late Hemphillian
Bensonomys, derived from a separate Miocene
Old World lineage of Megacricetodon that would
have dispersed to North America. More recently,
Lindsay (2008) reports the range of Copemys as
Late Arikareean — Late Blancan. Unlike Eurasian
Miocene cricetids, Copemys never developed hyp-
sodont molars.

Tooth group B: Brachyodont molars with
lophodont dental pattern and planar occlusal sur-
face

Rotundomys bressanus Mein, 1966
Figures 1, 2.8-11, 20

Rotundomys is known only from the Vallesian
(late MN 9 - MN 10) of western Europe (Mein 1966;
1975; Kalin 1999; Sesé 2006). Rotundomys bres-
sanus is the last member of a line: R. sabadellien-
sis — R. hartenbergeri — R. montisrotundi, the
species R. montisrotundi and R. bressanus are
equipped with brachyodont molars, but they clearly
display further tendencies toward a lophodont tooth
crown pattern and a planar occlusal surface with-
out interlocking cusp (Pineda-Mufoz et al. 2010).
The absence of both mesolophs and mesolophids
is typical, as is the lack of a posterior transverse
loph, formed by the “aulReren Quersporn” (sensu
Fahlbusch 1964) and the entoconid. The antero-
conid is broad and both protoconid and metaconid
are longitudinally offset and medially connected
with the cusps of the anteroconid. During evolution,
the molars became relatively narrower. In R. bres-
sanus both broad anteroconid and anterocone
(anteroloph) include symmetrically a circular
enamel islet that rapidly disappears with wear.
Both species were recovered from paludal lignites
at the sites of Montredon, district of Montoulieres,
Hérault (R. montisrotundi, lower level of MN 10),
and in Soblay, district of Ain, France (R. bressanus,
upper level of MN 10) (Mein 1975).

Rotundomys is a derivative of Cricetulodon
(Freudenthal 1967; Kalin 1999). The specific molar
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crown pattern of Rotundomys bressanus shows
remarkable similarities to that of early arvicolids
(Microtodon, Promimomys). This affinity could
favor the idea that Rotundomys bressanus or a still
unknown closely related species restricted to a rel-
atively small region in Western Europe during the
Vallesian could have given rise to this rodent
group. The solution to this question requires further
material and study.

Tooth group C: Mesodont molars with
tendencies towards a prismatic dental pattern

Microtocricetus Fahlbusch and Mayr, 1975
Figures 1, 3.15-23

Only one species has been reported for this
genus: Microtocricetus molassicus (Fahlbusch and
Mayr 1975; Bachmayer and Wilson 1984,
Wellcomme et al. 1991; Rogel et al. 1993; Kowal-
ski 1993; Fejfar 1999; Hir and Kékay 2010). Sar-
matomys podolicus (Topachevskij and Skorik
1988, 1992) is likely a junior synonym of Micro-
tocricetus molassicus. The members of this taxa
differ from other groups of microtoid cricetid
rodents in having rooted mesodont molars (higher
than in Rotundomys bressanus) with flat chewing
surfaces and an aberrant occlusal pattern. Behind
the anterior cusp of the m1, there are three buccal
and four lingual anticlines as well as three buccal
and four lingual synclines; the same number of
synclines and anticlines is seen in the m2 (Fahl-
busch and Mayr 1975; Fejfar 1999; Kretzoi and
Fejfar 2005). The upper molars display three buc-
cal and four lingual anticlines as well as three buc-
cal and two lingual synclines (Fahlbusch and Mayr
1975; Fejfar 1999; Kretzoi and Fejfar 2005). The
synclines lack cementum. Both narrow triangles
(anticlines) and reentrants (synclines) are more or
less transverse with an irregular alternation. Roots
in molars of adult individuals are well developed.
The thickness of the enamel walls increases dis-
tinctly with wear. The presence of the posterior
transverse ridge (“auferer Quersporn"; Ags, fig.
1:17), which is an important feature of advanced
species of Democricetodon, suggests a possible
ancestry from these Miocene cricetids.

Microtocricetus molassicus is the oldest
recorded cricetid rodent with mesodont prismatic
molars. It apparently represents an isolated lineage
of microtoid cricetids of the Vallesian (MN 9, MN
10) (Fahlbusch and Mayr 1975; Fejfar 1999). lts
unique molar structure excludes affinities with
other microtoid cricetids that developed similar
prismatic molars, such as Pannonicola (= Ischymo-
mys) pontica (MN 11) and Microtoscoptes praeter-



missus (MN13, MN 14). Most likely, Microtocricetus
inhabited moist riparian or paludal environments
where it fed on reed leaves, as did Microtoscoptes
and Goniodontomys. Microtocricetus molassicus
appears to have been distributed throughout
southeastern, central and western Europe. It is as
old as or older than the records of Goniodontomys
and Paramicrotoscoptes from the Early Hemp-
hillian in North America.

Microtocricetus can be considered an “early
experiment” of microtoid cricetids to develop high-
crowned prismatic molars. However, success was
not forthcoming and Microtocricetus became
extinct without descendants.

Tooth group D: Mesodont and hypsodont
molars with prismatic dental pattern and
opposing and slightly alternating triangles

Microtoscoptes Schaub, 1934
Figures 1, 3.1-9, 19, 20

Microtoscoptes is a medium-sized advanced
cricetid rodent with rooted hypsodont molars. The
occlusal surface is flat, and the reentrants lack
cementum. The buccal and lingual reentrants and
triangles of the prisms have sharp apices and are
opposing, they typically form rhomboid dentine
fields, except for M2 and M3 (cf. Figure 4). The
thickness of the enamel walls is not differentiated
in the prismatic folds of the occlusal surface. The
apices of the opposing reentrants touch each
other, and the dentine fields of adjacent lophs are
not confluent even with well worn molars. Although
the opposition of the reentrants and triangles of the
teeth is close to being exact in all lower teeth and
in the first upper tooth, it is not true of the second
and third upper teeth. This feature distinguishes
Microtoscoptes from the very similar Goniodonto-
mys, in which the reentrants and triangles of all
teeth are directly opposite.

The m1 has 3 buccal and 4 lingual salient
angles and 3 buccal and 4 lingual reentrants. The
anteroconid complex (“Vorderlobus”), as in arvicol-
ids, has one lingual and one labial reentrant; poste-
rior to these are the most anterior two salient
angles; behind the anteroconid complex there are
two lingual and one labial triangles exactly analo-
gous to the three basic alternating triangles of the
arvicolid m1, the most posterior labial triangle
never has an opposing triangle but is confluent with
the “posterior loop” of Hinton (1926, p. 106). Trian-
gles T2 and T3 make a rhombus, a typical trait of
the Microtoscoptinae not seen in true arvicolids
and other branches of arvicolid-like cricetids
rodents. The m3 of Microtoscoptes is bilophed with
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one pair of opposing reentrants and a posterior
ridge that is the remnant of the third (posterior)
loph in contrast to the two other genera of Micro-
toscoptinae and to the older species of Paramicro-
toscoptes from North America. M2 and M3 have 3
buccal and 2 lingual dentine fields (“triangles”) with
2 buccal and 1 lingual reentrants. The M3 and m3
in Microtoscoptes are distinctly reduced.

The Eurasians species Microtoscoptes prae-
termissus was first described from the sites of
Ertemte and Olan Chorea, Inner Mongolia (Nei
Mongol), China (Schaub 1934, 1950; Jacobs et al.
1985; Fahlbusch 1987). The Ertemte local fauna is
considered Late Miocene (late Baodean, NMU 11)
in age correlated with the European mammalian
zone MN 13 (Qiu and Qiu 1995; Flynn et al. 1997;
Qiu and Wang 1999; Qiu et al. 1999; Qiu et al.
2003; Qiu and Li 2003). Additional remains come
from Harr Obo, also Inner Mongolia (Nei Mongol,
China) (Fahlbusch 1987), the age of which was
previously also equated with that of Ertemte (Late
Turolian, MN 13). However, the occurrence of
Rhagapodemus and Hypolagus at the site of Harr
Obo suggests that this locality is slightly younger
than Ertemte, early Yushean (Early Ruscinian, MN
14) (Qiu and Qiu 1995; Qiu and Li 2003; Qiu et al.
2003). Microtoscoptes praetermissus is also
known from fluvio-limnic deposits (Sasin Forma-
tion, Odonin Member) exposed at Olchon Island,
Lake Baikal, Irkutsk (Russia) (Mats et al. 1982).
These  Microtoscoptes  praetermissus-bearing
strata are assigned to the late Turolian (MN 13).

There are other imperfectly known Eurasian
species of Microtoscoptes, not yet fully described
or sufficiently figured in literature, such as as
“Microtoscoptes tjuvanensis” (Zazhigin in Gromov
and Polyakov 1977) and "Microtoscoptes sibiricus”
(Zazhigin and Zykin 1984). The latter is larger and
apparently more advanced than the previous spe-
cies. Both species seem to be Late Turolian (MN
13) in age, like Microtoscoptes praetermissus. At
the present stage of knowlege it cannot be
excluded that “Microtoscoptes tjuvanensis” and
“Microtoscoptes sibiricus” are possibly junior syn-
onyms of Microtoscoptes praetermissus. Note,
however, that the known measurements of “Micro-
foscoptes tjuvanensis” (Zazhigin in Gromov and
Polyakov 1977, p. 101) might indicate another Eur-
asian Microtoscoptes species, that is distinctly
larger and slightly younger than Microtoscoptes
praetermissus (Fahlbusch 1987). The distribution
of Microtoscoptes is confined to Eurasia.

Paramicrotoscoptes Martin, 1975
Figures 1, 4.11-14, 17, 18
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The North American Paramicrotoscoptes hib-
bardi is a medium-sized cricetid species with
rooted, hypsodont molars and flat occlusal surface.
There is no cementum in the reentrants. Thickness
of the enamel walls is not differentiated. Buccal
and lingual reentrants have rounded apices (more
so in worn molars) that are not exactly opposite
each other, showing slight alternation so that the
rhomboid dentine areas are less symmetrical, and
the apices of the opposing reentrants do not touch
each other in some worn teeth as they do in Gonio-
dontomys. Therefore, the dentine fields may be
slightly confluent with those anterior or posterior to
them. An islet may be present in the anteroconid of
the m1.

Paramicrotoscoptes hibbardi is distinguished
from Eurasian species of Microtoscoptes and from
the North American Goniodontomys disjunctus
(see below) by having the posterior loop of M3
reduced (from the condition in Goniodontomys) to
an “r’, but it is less reduced than in Microtoscoptes
praetermissus and other Eurasian species in which
it is reduced to a simple oblique oval. In addition,
the posterior loop of m3 is reduced to a narrow
crest in Microtoscoptes praetermissus.

The pattern of the enamel on the occlusal sur-
face of the M3 of Paramicrotoscoptes hibbardi
closely matches that of the very late Miocene pro-
metheomyine North American genus Protoplio-
phenacomys (= Propliophenacomys, see Martin
2003a), which is about the age of Microtoscoptes
praetermissus; however the triangles in Proplio-
phenacomys have become completely alternating.

The structure of the mandible of Paramicro-
toscoptes, lacking an arvicoline groove, is also
primitive and shows the anterior edge of the
ascending ramus leading straight to the upper
masseteric crest and to its anterior union with the
lower masseteric crest, in the pattern that is typical
of low-crowned cricetid rodents; apparently propali-
nal mastication developed before the musculature
that aided it did. The temporal muscles with
well=developed deep temporal fossa appear to be
extremely typical of arvicolines. By comparison
with representatives of the subfamily Microtodonti-
nae (Microtodon, Prosomys, Promimomys), Para-
microtoscoptes has twice the dental specialization
in hypsodonty and enamel complication, while hav-
ing half of the specializations in masticator muscu-
lature (Repenning 1968).

The genus Paramicrotoscoptes was intro-
duced by Martin (1975). Repenning (1987, in litt.)
considered Paramicrotoscoptes a junior synonym
of Microtoscoptes and listed Paramicrotoscoptes
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hibbardi as a species of Microtoscoptes. The
palaeogeographic and stratigraphic range of Para-
microtoscoptes hibbardi is confined to North Amer-
ica and the Early Hemphillian (Shotwell 1970;
Hibbard 1970; Repenning 1987), beginning at
about 9 Ma (Woodburne and Swisher 1995).
Records of Paramicrotoscoptes hibbardi are
known from Idaho, Oregon, Nevada and Nebraska
(Repenning 1987; Bell 2000).

Goniodontomys Wilson, 1937
Figures 4.10, 15, 16

Goniodontomys is known only from a single
North American species: Goniodontomys disjunc-
tus (Wilson 1937; Schaub 1940; Hibbard 1959,
1970; Repenning 1987). The hypsodont molars are
rooted, with flat occlusal surface, but without
cementum. The enamel walls of the prismatic trian-
gles are not differentiated. In Goniodontomys, the
anteroconid complex has two very strong and
directly opposing wings and a strongly doubled
anteroconid, the lingual one more prominent and
extending farther anteriorly. Buccal and lingual tri-
angles of the prisms have sharp apices and are
exactly opposing. Buccal and lingual reentrants are
directly opposing with apices solidly appressed and
usually flattened against each other along the mid-
line of the tooth. They are never slightly offset as in
Microtoscoptes. The rhomboid dentine areas are
well expressed, and the fields of different lophs are
not confluent (with the same exception at the pos-
terior loop of m1 as in Microtoscoptes).

As discussed above, the conspicuous differ-
ences that separate Goniodontomys disjunctus
from the species of Microtoscoptes and Paramicro-
toscoptes are: (1) in Goniodontomys the structure
of the M2 shows three symmetrical rhomboid den-
tine fields that are closed by the contact between
the opposing reentrants, whereas in Microtoscop-
tes the lingual half of the middle rhomboid loph has
been lost; (2) the structure of M3 of Goniodonto-
mys is most complex, somewhat reduced in Para-
microtoscoptes hibbardi, and is further reduced in
Eurasian Microtoscoptes praetermissus where the
posterior loop is practically lost (see Shotwell 1970,
text-fig. 32 J to O; Martin 1975, Figure 3D and F,
and Fahlbusch 1987, text-fig 1 and 28-30). (3.) The
m3 is not reduced in Goniodontomys disjunctus or
Paramicrotoscoptes hibbardi but was conspicu-
ously reduced in the younger Microtoscoptes prae-
termissus from Asia.

Goniodontomys occurred in the Hemphillian
of North America, probably aequivalent to Early
Turolian (MN 11) or possibly closer to MN12
(according to the data given by Agusti et al. 2001).



Goniodontomys disjunctus is known from localities
in Wyoming and Oregon (Repenning 1987; Bell
2000). Both Goniodontomys and Paramicrotoscop-
tes are likely North American natives (Repenning
1987; Repenning et al. 1990). As with Paramicro-
toscoptes, the distribution of Goniodontomys is
restricted to North America. Martin (2008) excludes
the north American Microtoscoptes and Goniodon-
tomys from the Arvicoilidae (see also Lindsay
2008).

Tooth group E: Mesodont and hypsodont
molars with prismatic dental pattern and
opposing triangles; M1, m1, and m2
trilophodont

Trilophomys Depéret, 1892
Figures 1, 5.1-5, 28, 29

Trilophomys is a medium-sized advanced
cricetid rodent with simply formed hypsodont pris-
matic molars. The M1, m1, and m2 are trilophodont
with two lingual and two buccal reentrants; the M3
is reduced, bilophodont, with one lingual and one
buccal reentrant. The occlusal pattern reveals that
the reentrants of the lower cheek teeth are basi-
cally opposing, those of the upper molars basically
alternating, except for the M2, which is equipped
with a pair of opposing triangles that are promi-
nently confluent. All reentrants lack cementum.
The relatively thick enamel walls are distinctly dif-
ferentiated. In lower molars the posterior walls of
the triangles or lophs are thicker than the anterior
ones, and the reverse true for the upper cheek
teeth. The tooth crown base (linea sinuosa) is mod-
erately sinuous. It curves slightly up on the salient
angles (triangles) and slopes down below the reen-
trants. There is a trend in Trilophomys to increase
the height of the tooth crowns.

The very massive and short lower jaw of Trilo-
phomys shows a strong lower masseteric crest that
terminates far anteriorly beneath the anterior end
of the first lower molar; it is, however, positioned
very high on the buccal side of the ramus. The
massiveness of the jaw results largely from the
stout lower incisor, which has a short radius of cur-
vature so that at first glance the jaw appears more
sciurid than cricetid. These features, combined
with stout and upward-directed incisors, suggest
arboreal or fossorial habits of Trilophomys.

As with Baranomys, the temporal and palaeo-
geographical range of Trilophomys was confined to
the Early Ruscinian (MN 14) to Early Villanyian
(MN 16) of Europe (Mein 2003) and possibly
MN17. Trilophomys pyrenaicus is a large species
with relatively broad molars (Schaub 1940; Adrover
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1986). A distinct additional lingual reentrant on the
anteroconid of the m1 persists during wear. In
occlusal view the reentrants and triangles are
opposing, not alternating, and the dentine fields
were less confluent than in other species of Trilo-
phomys. Trilophomys pyrenaicus was dispersed in
Western Europe during the Ruscinian (MN 14, MN
15) (Schaub 1940; Adrover 1986; Kowalski 1990).

Trilophomys schaubi (Fejfar 1964; Adrover
1986) is smaller than Trilophomys pyrenaicus. In
addition, it possesses relatively narrow molars. The
narrow anteroconid of the m1 has a deep addi-
tional lingual reentrant that persists during wear for
a long time. The buccal reentrants are shallower
than the lingual ones. In occlusal view, the reen-
trants are slightly alternating, not directly opposing
as in Trilophomys pyrenaicus, and the dentine
fields are less confluent than those of the adjacent
lophs in Trilophomys depereti. Trilophomys schaubi
is known from numerous sites in Western and Cen-
tral Europe. Stratigraphic range: Ruscinian (MN 14,
MN 15).

Trilophomys depereti (Fejfar 1961, 1964;
Adrover 1986; Popov 2004) also is smaller than
Trilophomys pyrenaicus. The molars are relatively
narrow, the lower cheek teeth less hypsodont but
strongly trilophodont. The m1 (resembling that of
Epimeriones) displays a narrow anteroconid, with
shallow additional lingual reentrant seen only in
juvenile individuals. In occlusal view the reentrants
are weakly alternating, particularly in the upper
cheek teeth. In contrast to other species of Trilo-
phomys, the dentine fields are distinctly confluent
between the lophs. In lower molars, the buccal
reentrants are shallower than the lingual ones. Like
the two Trilophomys species described above,
Trilophomys depereti was distributed in Western
and Central Europe during the Ruscinian (MN 14,
MN 15).

Trilophomys vandeweerdi (Brandy 1979;
Adrover 1986) is the most advanced species of
Trilophomys known so far. It differs from other Trilo-
phomys species in having unmistakably greater
hypsodonty. Moreover, the m1 possesses espe-
cially well-developed dentine tracts, which, how-
ever, do not interrupt the enamel walls of the
chewing surface before the cheek tooth is about
half worn. Trilophomys vandeweerdi ranges in
Spain from the Late Ruscinian (MN 15) to the Early
Villanyian (MN 16) (Sesé 2006).

The youngest records of Trilophomys are in
Rebielice Krolewskie (MN 16b), Poland (Nada-
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chowski 1989) and in Osztramos 3 (MN 17)
(Janossy 1970).

Tooth group F: Mesodont molars with prismatic
dental pattern and opposing or alternating
triangles

Pannonicola Kretzoi, 1965 (= Ischymomys
Zazhigin 1982)
Figures 1, 3.1-14

Pannonicola brevidens is based on two rooted
molars, a heavily worn left m2 and a left M3, also
deeply worn (Kretzoi 1965). Both molars, possibly
representing a single individual, were recovered
from a deep core near Jaszladany, North Hungary
(Kretzoi 1965). The specimens were tentatively
assigned to Middle Turolian (MN 12). Although
heavily worn, the short and broad molars of Pan-
nonicola brevidens display an arvicolid-like
occlusal pattern. The dentine fields are broadly
confluent owing to advanced abrasion.

More recently, additional records of Pannoni-
cola have been reported from the Hungarian sites
Nyarad and Simegpraga (Kordos 1994), which
have not yet been fully described. The available
data suggest a Late Vallesian (MN 10) to Early Tur-
olian (MN 11) age for these findings (Kordos 1994).
Kordos (1994) argues that, Ischymomys Zazhigin
1982 is a junior synonym of Pannonicola, and the
present authors agree.

Outside Central Europe, two additional spe-
cies of Pannonicola (= Ischymomys) have been
reported from Turolian deposits in Eastern Europe
and Western Asia. The younger species Pannoni-
cola (= Ischymomys) quadriradicatus was recov-
ered from Middle Turolian (MN 12) Ishim strata
exposed on the right bank of the River Ishim,
Petropavlovsk, Kazakhstan in Western Asia (Zazh-
igin 1982, Zazhigin in Gromov and Polyakov 1977);
the older one, Pannonicola (= Ischymomys) ponti-
cus, known from Frunzovka 2 near Odessa,
Ukraine (Topachevskij et al. 1978) is referred to the
EarlyTurolian (MN 11).

Pannonicola (= Ischymomys) ponticus is a
medium-sized cricetid with subhypsodont, pris-
matic, cementless, and rooted molars; similar to
the preceding species. Enamel walls of molars are
relatively thin and not differentiated; the triangles
are slightly alternating with tendency to form a den-
tine rhomboid across the occlusal surface; the api-
ces of the reentrants touch the opposing apices
near the center of the tooth as in the Microtoscop-
tini. Enamel islets are present in the central antero-
conid of m1 and in the posterior lobe of M2 and
M3, persisting with deeper wear. One specimen
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illustrated by Topachevski et al. (1978, text-fig. 1:3)
clearly shows that the islet in the anteroconid com-
plex derives from the most anterior lingual reen-
trant of the tooth. If consistent, this differs with the
derivation from the most anterior buccal reentrant
in the arvicolines and with derivation from a reen-
trant at the anterior end of the anteroconid com-
plex, called the “cricetine islet” by Repenning
(1968, text-fig. 10) and apparently is characteristic
of the prometheomyines and possibly the onda-
trines (Hinton 1926, text-figs 58 and 62). The
mesial/buccal wall of the anteroconid in M1 is vari-
ably undulated but less so than in the younger and
more advanced Pannonicola (= Ischymomys)
quadriradicatus.

Pannonicola (= Ischymomys) quadriradicatus
is a large advanced cricetid with slightly hypsodont,
prismatic, cementless, and rooted molars. The M2
and M3 have four roots (hence the specific name).
The enamel walls of molars are relatively thin and
not differentiated; the reentrants and triangles
slightly alternating with tendency to form rhombic,
lophate dentine fields across the occlusal surface.
The apices of the reentrants touch medially in
many individuals, similar to the Microtoscoptini.
Prominent enamel islets are present in the antero-
conid of m1 in some individuals as well as in the
posterior loop of the m3 and M3 (M27?), persisting
during considerable wear. The mesial wall of the
anteroconid in m1 is variably undulated.

The origin of Pannonicola is unknown. A close
affinity with the genus Microtocricetus is excluded
because of the non-homologous molar structure.
However, all Turolian/Hemphillian microtoid cricetid
genera (Goniodontomys, Microtoscoptes, Micro-
focricetus, and Pannonicola) invariably occur in
paludal/fluviatile sediments, which suggest a wet
habitat. In many respects (e.g., the tendency to
have rhomboid dentine fields showing little or no
alternation of the triangles, and contact of opposing
reentrant apices near the midline of the tooth) the
younger Pannonicola (= Ischymomys) quadriradi-
catus and the older Pannonicola (= Ischymomys)
ponticus both resemble the Microtoscoptini. The
species of Pannonicola (= Ischymomys) could rep-
resent a lineage of “Old World” microtoscoptines
during the Turolian, more advanced in the offset of
its dental triangles but less advanced in the devel-
opment of hypsodonty.

Owing to the advanced molar structure
already developed during the Late Vallesian (MN
10) or Early Turolian (MN11) (Kordos 1994), Pan-
nonicola cannot be derived from Microtodon, a
younger taxon that displays a more primitive molar



pattern, although it appeared distinctly later in the
fossil record of Asia for the first time (Late Turolian,
MN 13). Most probably, Pannonicola gave rise to
Dolomys and Propliomys represented first in the
Late Ruscinian record (MN 15) of Europe as well
as possibly to Dicrostonyx, which made its first
appearance during the Biharian.

Tooth group G: Mesodont molars with
prismatic dental pattern and alternating
triangles

Anatolomys Schaub, 1934
Figure 1, 2.12-14

Small microtoid cricetid with rooted, cement-
less, mesodont molars; occlusal outline is longer
than wide. Both unworn M1 and m1 display a
broad and inflated anteroconid with shallow islet(s)
that soon disappear with wear, and with variably
short mesoloph/id. The axes of the inner (in upper
molars) and the outer (in lower molars) reentrants
are transverse, as in Microtodon or Promimomys.
The axes of the outer (in upper molars) and inner
(in lower molars) reentrants are oblique. The rela-
tively thick enamel walls are not differentiated.
There are mainly three roots in upper and two roots
in lower molars.

The general pattern of the mandible and
molars of Anatolomys suggests similarities with the
Ruscinian genus Baranomys described by Kormos
(1933). However, the genera probably are unre-
lated. Anatolomys likely was adapted for a digging
lifestyle.

The only known species Anatolomys teilhardi
was originally described from the late Late Mio-
cene site of Ertemte, Inner Mongolia (Nei Mongol),
China (Schaub 1934; Jacobs et al. 1985; Fahl-
busch and Moser 2004), and referred to the late
Baodean (NMU 11) (Qiu et al. 2003) that is consid-
ered approximately equivalent in age to the Euro-
pean Late Turolian (MN 13) (Qiu and Li 2003). The
localities Harr Obo and Bilike, also Inner Mongolia
(Nei Mongol), China, that have produced Anatolo-
mys cf. teilhardi (Qiu and Storch 2000; Fahlbusch
and Moser 2004) are younger than Ertemte and
can be assigned to the early Yushean (NMU 12),
regarded equivalent to the Early Ruscinian (MN
14) in Europe (Qiu and Li 2003; Qiu et al. 2003).

Celadensia Mein, Moissenet and Adrover, 1983
Figures 1, 5.17-18, 20, 23

In occlusal view the mesodont, cementless
molars have a barrel-like outline, because the
cheek teeth become conspicuously wider toward
the crown base (Aguilar et al. 1982; Mein et al.
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1983). The small anteroconid of the m1 retains a
circular islet during wear. Unlike other microtoid
cricetids (e.g., Microtoscoptes, Trilophomys, and
Baranomys), the M1 retains two buccal reentrants.
Only one species has been recognized so far
(Mein et al. 1983), Celadensia nicolae. Records
were recovered from a few Late Miocene and Early
Pliocene sites of the Iberian Peninsula and in
France (e.g., Aguilar et al. 1982; Mein et al. 1983).
Celadensia nicolae ranges from the Late Turolian
(MN 13) to Early Ruscinian (MN 14) (Fejfar 1999;
Mein 1999, 2003; Sesé 2006).

Baranomys Kormos, 1933
Figures 1, 5.6, 14-16, 21, 22, 26, 27

The molars of Baranomys are rooted, mesod-
ont, and initially prismatic. The helmet-like antero-
conid complex of the m1 is very short, and an
enamel islet is present. The molars of Baranomys
are, as in Microtodon, very small (length of the m1
about 1.5 mm), and the reentrants (synclines) are
distinctly asymmetrical. There is no cementum in
the reentrants. The dentine fields are confluent.
The number of reentrants in Baranomys corre-
sponds to that in Microtodon and Promimomys (or
Prosomys of some authors). There is an important
feature in the dentition of Baranomys that is worth
mentioning: The anterior edges of the lower molars
and the posterior edges of the upper molars are
curved backward in Baranomys, a distinct contrast
to the condition in arvicolids and arvicolid-like
rodents where these edges are always straight.

The chewing surface of the cheek teeth dis-
plays some similarities to those of Microtodon
(e.g., Kowalski 1960; Kretzoi 1962; Sulimski 1964;
Repenning 1968; Fahlbusch and Moser 2004), the
taxonomic, and status of Baranomys has been dis-
cussed for a long time. Some authors (e.g., Kretzoi
1955a, Fejfar and Storch 1990) accept Baranomys
and Microtodon as two distinct genera, whereas
others (e.g., Fahlbusch and Moser 2004) regard
the separation as unjustified and consider Barano-
mys and Microtodon as identical taxa.

All fossil remains of Baranomys are from
Europe. The three species of Baranomys range
from Early Ruscinian (MN 14) to Early Villanyian
(MN 16), like Trilophomys. The oldest species,
Baranomys kowalskii, was first reported from the
Early Ruscinian (MN 14a) locality Podlesice at
Kroczyce, south Poland (Kretzoi 1962). Barano-
mys loczyi (Kowalski 1956; Kretzoi 1962) ranges
from the late Ruscinian (MN 15) to the Early Vil-
lanyian (MN 16). Baranomys longidens is known
from a series of localities in Europe (Kowalski
1960; Sulimski 1964; Repenning 1968; Fejfar and
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Storch 1990; Fejfar et al. 2006) confined to the late
Ruscinian (MN 15).

Bjornkurtenia Kowalski, 1992
Figures 1, 5.7-13

The rooted and cementless molars of
Bjornkurtenia are small, brachyodont, and mas-
sive. The enamel band is very thick and undifferen-
tiated. The thickness of the enamel walls increases
progressively during wear. Dentine tracts are not
developed. The short anteroconid complex of the
m1 displays a simple design. The reentrants alter-
nate and the dentine fields are typically broadly
confluent. On the chewing surface of the m1 there
are no islets in the AC, the lingual reentrants of
which disappear with wear. A striking feature is the
extremely thick enamel band that reaches with
Bjornkurtenia its maximum thickness for the
Baranomyinae. The molars of Bjornkurtenia recov-
ered from sites in Central Europe are smaller then
those from the type locality La Jasse at Terrats in
France (Michaux 1976). The single species
described so far, Bjornkurtenia canterranensis
(Michaux 1976; Kowalski 1992; Popov 2004),
appeared in the Early Ruscinian (MN 14) and
became extinct during the Late Ruscinan (MN 15).
Most likely, the lifestyle of Bjornkurtenia canterran-
ensis was fossorial.

Microtodon Miller, 1927
Figures 1, 6.1-7

The molar crown pattern of Microtodon is
rather similar to that of Promimomys. The molars
are mesodont and low prismatic-lophodont. They
have alternating reentrants and triangles. The api-
ces of the triangles are sharp and V-shaped in
moderately worn molars, and U-shaped in heavily
worn cheek teeth. The enamel band is of more or
less equal width, but distinctly thicker in heavily
worn molars than in unworn or moderately worn
cheek teeth. The dentine fields are confluent,
especially with increasing wear. The relatively deep
and long existing enamel islet of the anteroconid
complex is a true “cricetine islet”, derived from the
medial groove of the anteroconid which was origi-
nally bilobed (Fahlbusch and Moser 2004).

The mandible shows some arvicoline fea-
tures. A distinct but nascent “arvicoline groove”
(Repenning 1968) is present in some members,
but rudimentary (or unknown) in others, there is a
prominent and anteriorly placed lower masseteric
crest, and a deep internal temporal fossa sepa-
rates the row of lower molars from the ascending
ramus. In all respects the masticatory musculature
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obviously must have been proto-arvicoline (Repen-
ning 1968).

Microtodon is known from the Late Baodean
(MNU 11, Late Turolian, MN 13) Ertemte (Nei Mon-
gol, China) and from early Yushean (MNU 12,
Early Ruscinian, MN 14) Harr Obo and Bilke
(described as Microtodon cf. atavus), also Inner
Mongolia, China (Schlosser 1924; Schaub 1934;
Jacobs et al. 1985; Qiu and Storch 2000; Fahl-
busch and Moser 2004). Other records of Microt-
odon that are slightly larger than those from
Ertemte have been recovered at the localities of
Kirgiz Nur 2 and Pavlodar in western Asia also cor-
related with the European Late Turolian (MN 13)
(Fejfar et al. 1997).

Recently, Microtodon was recorded at Koma-
nos 1 in Greece (MN 13-14) (Hordijk and de Bruijn
2009).

An important fauna including Microtodon sp.
has been collected more recently from Gaotege,
central Nei Mongol, China (Li et al. 2003). The
Gaotege mammalian assemblage is thought to be
stratigraphically younger than that from Bilike. It
was assigned to the Early Pliocene (early Yush-
ean) and tentatively correlated with the Early (MN
14) or early Late Ruscinian (early MN 15) of
Europe (Li et al. 2003). If correctly assessed, this
Chinese record suggests that Microtodon passed
the Miocene/Pliocene (Turolian/Ruscinian) bound-
ary in East Asia.

Baranarviomys Nesin, 1996

Baranarviomys admirabilis was recovered
from a sequence of fluvio-limnic deposits exposed
at the site Vinogradovka 1, Ukraine (Nesin 1996a).
It is Late Turolian (MN 13) in age. The lower jaw
and the molars of Baranarviomys admirabilis dis-
play a primitive arvicolid-like condition. The cheek
teeth are mesodont and low prismatic-lophodont.
In the m1, the reentrants are alternating, U-shaped
in faintly worn molars and sharply V-shaped in
heavily worn molars. The broad dentine fields are
confluent. In the overall morphology of the molars,
Baranarviomys admirabilis is rather similar to
Microtodon atavus known from the Late Turolian
(MN 13) of Central Asia. Possibly, Baranarviomys
admirabilis is a junior synonym Microtodon atavus.

Promimomys Kretzoi, 1955
Figures 1, 6.14-18, 19, 20, 23-28

This genus is a member of the Microtodon-
Promimomys-Mimomys-Arvicola lineage and has a
far-reaching importance for understanding the evo-
lution of arvicolids. Promimomys entered the fossil
record for the first time in Eastern Europe



(Mugureny, Vinogradovka: Promimomys sp. 1 and
2) during the late Turolian (MN 13) (Fejfar et al.
1997). In contrast to its dental similarity to Barano-
mys (Figures 1, 5, 7), the mandible of Promimomys
shows several characteristic arvicoline features.
The arvicoline groove is well developed and the
lower masseteric crest is prominent, especially
anteriorly where it and the higher arvicoline groove
meet and run forward to the anterior termination of
the insertion of the masseter muscle. The internal
temporal fossa (separating the lower molars from
the ascending ramus) is deep and broad, and the
entire mandiblar ramus is deeper and more robust,
like an arvicoline, while that of Baranomys is more
slender with a procumbent incisor as in many low-
crowned cricetids. The lower jaw has a short
diastema and a lower masseteric crest relative to
the alveolar margin. The arvicoline groove and
lower masseteric crest merge at a low angle rather
far behind the anterior termination of the masse-
teric insertions, a conspicuous character of most
arvicolines. The symphyseal insertion for the
digastric muscle is moderately strong. In all
respects the masticatory musculature was obvi-
ously arvicoline (Repenning 1968).

The massive lower incisor passes below the
posterior root of m2 and continues on the buccal
side of m3. The basal part of the lower incisor
ascends far above the level of the occlusal sur-
faces of the molars and forms a distinct elevation
on the lateral side of processus articularis. The
anteroconid has a deep, persistent enamel islet. In
worn molars the occlusal surface is much broader
than in juvenile teeth.

The first lower molar of Promimomys insulif-
erus, the index fossil of the early Early Ruscinian
(MN 14a), is characterised by a short anteroconid
complex that is equipped with an oval enamel islet.
The M3 also displays an enamel islet. In juvenile
indivduals, the anteroconid complex of the m1 has
a typical mesial opening and a moderately undu-
lated, arched anterior margin; a lingual indentation
is not developed. The enamel walls are rather
thick, the enamel band undifferentiated, and the
base of the tooth crown, the so-called linea sinu-
0sa, is almost straight. The mesodont, rooted, and
cementless molars correspond in size and height
of the tooth crown well with those of Promimomys
mimus (or Prosomys mimus of other authors).
However, the lingual reentrants are narrower and
more sharply cornered. In worn molars the occlusal
surface is much broader than in unworn juvenile
teeth. The base of the enamel crown is nearly
straight.
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Promimomys insuliferus was  originally
described from Podlesice, Poland, and other
important eastern Europe sites are Novaya Andria-
shevka, Antipovka, and Chugunovka (Fejfar et al.
1997). The site Novaya Stanica in western Siberia
has yielded Promimomys sp. (Zazhigin and Zykin
1984), a form more primitive than Promimomys
insuliferus from Europe.

The genus Promimomys is based on an
incomplete left lower jaw with a heavily worn m1,
which was recovered at the MN 14b site of Csarné-
ta 2 (Hungary) and later described as Promimomys
cor by Kretzoi (1955b). More recently, Promimo-
mys cor was reported from Early Pliocene lignitic
mudstone deposits of the Haltipasa Formation in
Anatolia, Turkey (Kaya et al. 2004) and at Koma-
nos 1 and Vorio in Greece (Hordijk and de Bruijn
2009)

. Promimomys cor, the index fossil of the late
Early Ruscinian (MN 14b), has mesodont pris-
matic, cementless, and rootless molars. The
enamel band is relatively thin, but not differenti-
ated; it becomes slightly thicker during wear. The
reentrants of m1 are distinctly alternating, U-
shaped in unworn molars and sharply V-shaped in
worn molars. The dentine fields are confluent but
usually prominently constricted. There is a high
and broad anteroconid in the m1 with oval shaped
islet becoming circular and disappearing during
wear. The linea sinuosa is almost straight.

Promimomys asiaticus, described from early
Yushean (early Pliocene) cave deposits of
Dajushan Hill (Hainan, Anhui Province, China) is
said to be more primitive than Promimomys cor
from western Eurasia (Jin and Zhang 2005).

The stratigraphic range of Promimomys in
Eurasia is confined to the Late Turolian (MN 13)
and Early Ruscinian (MN 14) (Fejfar et al. 1997;
Sesé 2006). Promimomys gave rise to Mimomys.
The interval during which Mimomys appeared for
the first time is poorly understood and needs fur-
ther study. According to the fossil arvicolid record
in Western and Southern Europe Mimomys van-
dermeuleni which was reported from the early Late
Ruscinian (MN 15a) site Villalba Alta Rio (VAR 2a),
Spain, is among the most primitive Mimomys spe-
cies known so far (Fejfar et al. 1990). An even
more primitve species was described from the late
Early Ruscinian (MN 14b) in Western Asia as
Mimomys antiquus (Zazhigin et Zykin, 1984).

Prosomys Shotwell, 1956
Figures 1, 6.8-13

The North American records of Promimomys
were described as Prosomys by Shotwell (1956).
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According to Repenning (1968, 1987) Prosomys
Shotwell, 1956 is a junior synonym of Promimomys
Kretzoi, 1955. Records of Promimomys (or
Prosomys) approximately equivalent in age to the
Late Turolian (MN 13) and Early Ruscinian (MN
14) in Eurasia are reported from the Late Hemp-
hillian in North America (Repenning 1987, 2003;
Bell 2000; Martin 2003a). According to Tedford et
al. (1987, 2004), the immigration of Promimomys
as well of Agriotherium, Felis, Megantereon,
Ochotona, Plesiogulo and Odocoileini cervids
defines the beginning of the Late Hemphillian.
Records of Promimomys (or Prosomys) in North
America are known from two sites in Oregon
(McKay, Christmas Valley) and from one locality in
Nebraska (Mailbox) (Repenning 1987; Bell 2000;
Martin 2003a). Promimomys mimus is the index
fossil for the first central Great Plains rodent zone
(Rz 1, Martin 2003a).

Tooth group H: Hypsodont molars with
prismatic dental pattern and alternating
triangles

Mimomys Forsyth Major, 1902
Figure 1

Among known early arvicolid taxa, the fossil
representatives of the genus Mimomys have been
the main focus of research for a long time. Many
extant arvicolid taxa, such as Microtus and Arvi-
cola, are derived from Mimomys. Both genera are
important side branches of the main stream of
Mimomys evolution that can be traced over
approximately three million years since the end of
the Turolian (MN 13). All species of Mimomys have
only three basic alternating triangles on the m1.
Diagnostic features are the structure of the antero-
conid in m1, the height of the dentine tracts (linea
sinuosa), presence or absence of cementum within
the reentrants, the thickness of the enamel band
(the Schmelzmuster), and others.

Among the oldest and most primitive species
are Mimomys antiquus from the late Early Ruscin-
ian (MN 14 b) of Peshniovo in western Asia (Zazhi-
gin and Zykin 1984), and Mimomys vandermeuleni
and Mimomys davakosi reported from the early
Late Ruscinian (MN 15a) of western and southern
Europe (Fejfar et al. 1990; Van de Weerd 1979).
Mimomys vandermeuleni and Mimomys davakosi
are more advanced than Mimomys antiquus from
Siberia. Heavily worn molars recovered from fluvio-
limnic deposits at the site of Malusteni, Roumania
(Kormos 1932), and previously described as Mimo-
mys moldavicus (or Promimomys moldavicus of
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some authors) belong most probably to Mimomys
davakosi (Fejfar et al. 1998).

All these early species of Mimomys have an
m1 with a highly complicated anteroconid. In the
m1 of juvenile individuals, the mesial portion of the
anteroconid is variably undulated. An enamel islet
is positioned within the anteroconid of the m1 and
in the posterior portion of the M3 as well. On the
buccal side of the anteroconid, a Mimomys ridge
(Mimomys-Kante) is developed, which is progres-
sively reduced in later species of the Villanyian and
Biharian. Moreover, also in contrast to later species
of the Villanyian and Biharian (e.g., Mimomys plio-
caenicus, Mimomys savini), (1) the enamel band is
thick and undifferentiated, (2) the linea sinuosa
(base of the tooth crown) of the m1 is faintly undu-
lated, (3) the dentine fields of the m1 triangles T1
and T4 are still more or less confluent, and (4) the
reentrants (synclines) lack cementum, which later
appeared in the Mimomys lineage, as in the late
Late Ruscinian (MN 15) Mimomys hassiacus from
Gundersheim or the earliest Villanyian (MN 16a)
Mimomys stehlini.

The early history of Mimomys in eastern Asia
is poorly known. Early Pliocene records described
as Mimomys sp. were reported from the early
Yushean Gaozhuang assemblage (Yushe fauna,
NMU 12), China (Lindsay 1994; Flynn et al. 1997;
Qiu and Li 2003) that possibly correlates to the
Early (MN 14) or Late Ruscinian (MN 15). Mimo-
mys irtyshensis from the late Yushean Mazegou
assemblage (Yushe fauna) (Flynn et al. 1997; Qiu
and Li 2003) is also notable. It belongs most likely
to the Early Villaniyan (MN 16) (Qiu and Li 2003).
Mimomys orientalis recovered from the upper part
of the Daodi Formation (Nihewan Basin), China,
seems to be of the same age (Qiu and Li 2003;
Zhang et al. 2003). Late Yushean Mimomys
youhenicus also would belong to the Early Villany-
ian (Qiu and Qiu 1995).

The early Yushean (Early Pliocene, MN 14)
Bilike site (Inner Mongolia, China) produced a
primitive arvicolid species originally called Mimo-
mys sp. (Qiu 1988; Lindsay 1994; Qiu and Qiu
1995). The size and dental pattern of this species
that are not described in Qiu and Storch (2000) dis-
plays similarities with Mimomys (Cseria) gracilis
from Central Europe (Repenning, in litt.). It is
assumed to represent the earliest and most primi-
tive record of Mimomys in China (Qiu and Qiu
1996).

Mimomys has an extensive fossil record in
Eurasia, dating back to at least to the Early Plio-
cene (Mimomys antiquus, Ruscinian, MN 14b; Fej-



far et al. 1997; Repenning 2003). However, in
contrast to Eurasia, there is no consensus on the
origin and dispersal history of Mimomys in North
America. Many authors (e.g., Repenning 1968,
1987, 2003; Repenning et al. 1990; Woodburne
and Swisher 1995) consider Mimomys to be an
immigrant from Eurasia, whereas von Koenigswald
and Martin (1984) assumed that it had never
reached North America because the Schmelzmus-
ter patterns do not match that of the Eurasian
Mimomys (see also Martin 2003b; Martin et al.
2002, 2006). If so, the North American Mimomys
must have evolved directly from a Promimomys
grade arvicolid in North America (or possibly in
Asia?), a conclusion that agrees with earlier sug-
gestions by Lindsay et al. (1984: 483): “If North
America species of Mimomys evolved from a differ-
ent species of Promimomys than did the Eurasian
species of Mimomys, as we propose, then sepa-
rate North American and European lineages of
Mimomys should be distinct.”

Aratomys Zazhigin, in Gromov, 1972
Figure 1

Aratomys has originally been reported from
the early Pliocene of Mongolia (Schaub 1934). The
molars are rooted and cementless. The m1 of Arat-
omys is relatively short and broad, and displays
three alternating basic triangles. The stucture of
the anteroconid is distinctly more complex than
that in Promimomys, which also occured in the
Pliocene (Early Ruscinian) of Eurasia.

The species Aratomys multifidus is based on
material collected at the site of Chono-Khariak 2 in
western Mongolia. The deposits that produced the
remains of Aratomys multifidus were referred to the
late Early Ruscinian (upper MN 14b) by Zazhigin
(Qiu and Storch 2000). Aratomys bilikensis was
described from Bilike, Inner Mongolia, China (Qiu
and Storch 2000), also early Yushean (Early Rus-
cinian, MN 14) in age (Qiu and Storch 2000; Qiu
and Li 2003). According to Qiu and Storch (2000),
Aratomys bilikeensis seems to be slightly more
primitive than Aratomys muiltifidus.

Aratomys is larger than typical Mimomys. The
molar pattern of Aratomys multifidus and Aratomys
bilikeensis could suggest relations to the Mimomys
branch (Fejfar et al. 1998), and comparison with
early species of Mimomys (e.g., Mimomys vander-
meuleni, Mimomys davakosi) reveals little differ-
ences in the occlusal pattern and the
developmental stage of the tooth crown base (linea
sinuosa).

Aratomys muiltifidus and Aratomys bilikeensis,
as well as Kilarcola kashmirensis from Kilar, Kash-
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mir (Kotlia 1994; Kotlia and von Koenigswald
1992), were assigned to Mimomys (Aratomys) by
Repenning (2003), who considered this taxon a
possible Oriental faunal region subgenus.

Dolomys Nehring, 1898
Propliomys Kretzoi, 1959
Figure 1

Dolomys is characterised by relatively large
rooted hypsodont prismatic molars. As a represen-
tative of the tribe Ondatrini, Dolomys has five basic
triangles on m1. In lateral view, all molars display a
conical shape that resulted in a typical increase of
the length and width of the cheek teeth in
advanced stages of wear. The enamel base of the
tooth crown (linea sinuosa) is faintly undulated. In
moderately worn m1 of juvenile individuals, the
mesial walls of the anteroconid are variably undu-
lated; in heavily worn m1 of adult to senile individu-
als, however, the shape of the anteroconid is
mushroom-like. The chewing surface displays a
striking asymmetry: the lingual triangles and syn-
clines are larger than the buccal ones. The trian-
gles of the m1 are alternating, as they are in M1.
The apices of the triangles are sharp in juvenile
individuals, but rounded in adult and senile individ-
uals. The enamel band is not differentiated; the
reentrants lack cementum. A typical trait of the m1
is the deeply inserted reentrant (syncline) BRA 3
that distinguishes Dolomys from Mimomys where
BRA 3 is always distinctly shallower (for details see
Maul 1996; Popov 2004).

Dolomys species were present throughout the
southern parts of western, central and eastern
Europe during the Ruscinian (MN 14b and MN 15);
it became extinct in the Villanyian (MN 16a), since
the probable latest record is from Beremend 15,
where Dolomys milleri co-occurs with Mimomys cf.
hajnackensis and Mimomys cf. pitymyoides
(Janossy 1990). Important early species are Dolo-
mys adroveri reported from Orrios 3, 9 and from
Villalba Alta Rio 3, Escorihuela B, and Tollo Chi-
clana (TCH1), Spain (Fejfar et al. 1990; Minwer-
Barakat 2004), Dolomys milleri (Nehring 1898)
(e.g., Beremend 5, Hungary, Kretzoi 1956), Dolo-
mys nehringi (e.g., Csarnota 2, Hungary, Kretzoi
1959), as well as Dolomys occitanus from Séte,
France, which was first described as Mimomys
occitanus by Thaler (1955). Except for Csarnéta 2
(MN 14b), all these localities are Late Ruscinian
(MN 15) in age. According to Fejfar et al. (1990),
Dolomys milleri and Dolomys nehringi are more
derived than Dolomys adroveri from Teruel basin,
Spain. In the western Mediterranean Dolomys gave
rise to the large rootless genus Kislangia.
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It is worth mentioning, that a poorly preserved
m1 found in Blancan 2 deposits of the Kettleman
Hills of southern California and tentatively assigned
to Dolomys indicates that muskrats possibly
entered the North American fossil record earlier
than previously thought (Repenning et al. 1995;
Bell 2000).

The hypsodont prismatic molars of Proplio-
mys are smaller than those of Dolomys. As
revealed by Propliomys hungaricus from the late
Early Ruscinian (MN 14b) of Csarnéta 2 (Hungary),
the anteroconid is elongated, the so-called
Vorderkappe sharply edged and inclined medially.
Propliomys shares with Dolomys the asymmetry of
the alternating synclines and the deep buccal syn-
cline BRA 3. Moreover the lingual triangles are
larger than the buccal ones, as in Dolomys.

Cosomys Wilson, 1932
Ophiomys Hibbard and Zakrzewski, 1967
Ogmodontomys Hibbard, 1941

The overall molar morphology of these three
taxa shows such striking similarities with the cheek
teeth of the Eurasian Mimomys that an allocation to
this genus and the subgenus status of Cosomys,
Ophiomys, and Ogmodontomys has been widely
accepted for many years (e.g., Repenning 1987,
2003). However, this taxonomical assignment has
been challenged, based on the molar enamel
structure of these taxa (von Koenigswald and Mar-
tin 1984, for Ogmodontomys see also Martin et al.
2002; Martin et al. 2006). These authors suggest
that Cosomys, Ophiomys, and Ogmodontomys did
not evolve from the Mimomys stock (see above)
but belong to a North American vole clade with its
own history derived from a Promimomys grade
arvicolid.

Ophiomys and Cosomys mark the beginning
of the Blancan in North America (Repenning 1987).
Ophiomys mcknighti, a small form, and Cosomys
sawrockensis (or Ogmodontomys sawrockensis,
see Hibbard 1957; Martin 2003a) a large form, are
the hallmarks of the Blancan | (Repenning 1987).
According to Martin (2003a — there referred to as
Ogmodontomys), Cosomys sawrockensis is the
index fossil for the central Great Plains rodent zone
4. It appeared by about 4.8 Ma for the first time
(Repenning 2003). The m1 is characterised by
three basic triangles, very low dentine tracts, per-
sistent islet on the anteroconid complex, gradual
loss of the Mimomys-Kante, and a primitve
Schmelzmuster that consists apparently entirely of
radial enamel (Repenning 2003).

Ophiomys mcknighti (Blancan [), known from
localities of the western U.S. faunal region (Fejfar
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and Repenning 1992; Repenning et al. 1990) is
also rather primitive because it has only low undu-
lations of its linea sinuosa on the m1, indicating an
early stage in the development of dentine tracts.
Ophiomys mcknighti evolved through an intermedi-
ate form (Ophiomys “mcknighti -taylori”) (Blancan
II) into Ophiomys taylori (Blancan IIl) (Repenning
1987).

In the western U.S. faunal region, Cosomys
(or Ogmodontomys of some authors) sawrockensis
or a closely related species gave rise during the
Blancan to (Repenning 1987; Bell 2000) Cosomys
primus as well as to Ogmodontomys poaphagus,
the index fossil for the central Great Plains rodent
zone 6 (Martin 2003a) Cosomys disappears at the
middle/ late Bancan boundary at about 3.0 Ma
(Martin 2008).

In contrast to early members of Mimomys in
Eurasia such as the Early Pliocene (Villanyian, MN
16) Mimomys hassiacus or Mimomys stehlini, the
North American members of Cosomys, Ophiomys,
and Ogmodontomys never developed cementum.
Mimomys (Cromeromys) virginianus from the
Cheetah Room fauna of West Virgina represents,
according to Repenning (2003, in litt.), an indepen-
dent immigration of Mimomys to North America,
about at the beginning of the Pleistocene.

Protopliophenacomys Martin, 1975
(= Propliophenacomys Martin, 1975)
Pliophenacomys Hibbard, 1937

Protopliophenacomys is an endemic North
American arvicolid taxon that appeared with Pro-
topliophenacomys parkeri during the Late Hemp-
hillian for the first time (Repenning 1987; Martin
2003a). It is the index fossil for the central Great
Plains rodent zone 2 (Martin 2003a). Pliophenaco-
mys is apparently a derivative of Protopliophenaco-
mys. Protopliophenacomys displays a dental
pattern that is intermediate between Promimomys
mimus and Pliophenacomys (Martin 2003a). The
oldest record of Pliophenacomys was described as
Pliophenacomys wilsoni and comes from the Con-
cha fauna of the site of Chihuahua near Yepomera
(Lindsay and Jacobs 1985). It is Blancan | in age
(Repenning 1987). In the eastern U.S. faunal
region, Pliophenacomys wilsoni evolved into Plio-
phenacomys finneyi during the Blancan I, followed
by Pliophenacomys primaevus in the Great Plains
of Blancan lll (central Great Plains rodent zone 9,
Martin 2003a) (Repenning et al. 1990; Bell 2000).

Tobienia Fejfar and Repenning, 1998
Lemmini nov. gen. nov. sp. Fejfar and Repenning,



1998
Figure 1

Two potential ancestors of lemmings with
rooted molars (A, B) were recorded in sandy
lenses below the lignite seam in the lignite quarry
at Wolfersheim near Frankfurt/M., Rheinhessen,
Germany; the age of the fossilferous layer is the
Latest Ruscinian, MN zone 15b (Fejfar and Repen-
ning, 1998).

A. The first record: the molars of the genus
Tobienia are rooted; the occlusal surface is simple
~-Mimomys-like®, relatively narrow. The longitudinal
tooth axis is shifted slightly to the labial side (in
lower molars) and to the lingual side side (in upper
molars); this shifting of the longitudinal axis is best
visible in the first lower and upper molars. Enamel
bands are relatively thin; the anterior and posterior
enamel edges of the prisms-triangles (lingual of the
lower molars; buccal of the upper molars) are
mostly straight The cementum in the reentrant
folds is present.The nearest comparable taxon to
Tobienia is the rootless and about 2,5 - 1,5 Ma
years younger Mictomys vetus (Wilson, 1933) from
the North American Late Pliocene. Tobienia repre-
sents an ancestral “Mimomys-like* stage when the
lemming type of enamel was not yet fully devel-
oped. B. The second record: Lemmini nov. gen.,
nov. sp. in Wolfersheim: one rooted deeply worn
first lower molar - with the occlusal pattern genner-
ally shaped as a “smaller Mimomys-like* arvico-
line. The anteroconid complex (ACC) is short,
narrow and simple without Mimomys-Kante but
with a circular, long, persisting islet that is not pres-
ent in more advanced lemmings without rooted
teeth; the interruptions of the buccal enamel wall
are due to the distinct high dentine tracts on the
posterior loop. The longitudinal occlusal axis of
the deep alternating reentrants is slightly buccally
shifted. The buccal enamel edges of the triangles
are slightly differentiated in thickness: the anterior
ones are thinner than the posterior ones; the lin-
gual edges are equally thick. The buccal enamel
crown base is strongly undulated similar to Tobie-
nia. Fejfar and Repenning, 1998 stated that Tobie-
nia belongs in the affinity of the tribe Synaptomyini
whereas the second record of Lemmings - the
Lemmini nov. gen. nov. sp. — represents the Lem-
mini tribe. Both are the first record of the Lemmings
with rooted molars. Both tribes appear to have
evolved from early Mimomys and thus belong to
the subfamily Arvicolinae of the family Cricetidae;
the subfamily Lemminae is no longer recognized.
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DISCUSSION

In response to changing herbivorous feeding
habits, cricetid rodents developed an enormous
variability of cheek teeth patterns during the Mio-
cene. The molars of the primitive cricetid rodents
and arvicolids considered here represent only lim-
ited insight into the immense diversity of molar pat-
terns and offer no more than a small window into
the dental history of this extremely successful
group of rodents. Based on the comments on the
considered taxa, the following conclusions can be
drawn.

Cricetini with brachyodont-bunodont molars
and a primitive dental pattern (tooth group A)
appeared in the late Early Miocene (Late Orlea-
nian, MN 4) of Europe, among them Democricet-
odon and Megacricetodon (Mein 2003). In
Anatolia, Democricetodon appeared apparently
earlier (Agenian - MN 1) and Megacricetodon dur-
ing the Early Orleanian (MN 3) (Unay et al. 2003).
However, the validty of these occurrences remains
to be confirmed. Both genera retained low-crowned
molars and disappeared from the European fossil
record during the Early Vallesian (MN 9) (Megac-
ricetodon) and Late Vallesian (MN 10) (Democrice-
todon), respectively (Mein 2003; Sesé 2006).
Kowalskia appeared in the Early Vallesian (MN 9)
and survived until the Early Villanyian (MN 16), and
is fairly specialised in its own direction but no ten-
dencies toward hypsodonty are seen in its Euro-
pean representatives. Collimys (MN 7 — MN 11),
the first European member of the Cricetini that
increased the height of the tooth crowns, was fol-
lowed by Cricetulodon (MN 9 — MN 10) and Rotun-
domys bressanus (MN 10) (tooth group B).

The oldest Eurasian microtoid cricetid is
Microtocricetus from the Vallesian (MN 9 — MN 10)
of Central Europe. It is characterised by mesodont
molars that display an initial prismatic dental pat-
tern (tooth group C).

Microtoid cricetids with mesodont-hypsodont
prismatic molars that have opposing or alternating
triangles (tooth group D) appeared first with Para-
microtoscoptes in the Early Hemphillian of North
America considered to be equivalent of Early to
Middle Turolian (MN 11, MN 12) of Europe. Eur-
asian records of Microtoscoptes have only been
reported from the Late Turolian (MN 13) to Early
Ruscinian (MN 14) so far.

Mesodont-hypsodont prismatic molars char-
acterised by opposing triangles and trilophodont
upper (M1) and lower molars (m1, m2) are traits of
Trilophomys (tooth group E), a microtoid rodent,
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which was distributed in Europe during the Ruscin-
ian (MN 14 — MN 16).

The first microtoid cricetid having mesodont
molars and a true prismatic dental pattern with
opposing and alternating triangles is Pannonicola
(= Ischymomys), known from the Late Vallesian
(MN 10) and the Turolian (MN 11 - MN 12) of Eur-
asia (tooth group F). Members of tooth group G
are characterised by mesodont molars with alter-
nating triangles. They were reported from the Late
Turolian (MN 13) to Early Ruscinian (MN 14) (e.g.,
Anatolomys, Microtodon, Promimomys, Celaden-
sia) of Eurasia, the Late Hemphillian of North
America (Promimomys, or Prosomys of some
authors) as well as from the Ruscinian (MN 14-MN
15) (e.g., Bjornkurtenia ) and Ruscinian (MN 14—
MN 15) to Villanyian (MN 16) (e.g., Baranomys,) of
Eurasia. The recent proposal that Microtodon and
Anatolomys are synonyms of Baranomys (Fahl-
busch and Moser 2004) appears to be unjustified,
since the occlusal patterns and overall shape can
be rather clearly distinguished (Figure 1, descrip-
tions above).

Hypsodont prismatic molars with alternating
triangles (tooth group H) are first known from
Aratomys in the Early Ruscinian (MN 14) of Asia.
Further early true arvicolids included in this tooth
group are, for instance, Mimomys vandermeuleni
(early Late Ruscinian, MN 15a) and Dolomys
adroveri (Late Ruscinian, MN 15), Propliomys hun-
garicus (late Early Ruscinian (MN 14 b to Early Vil-
lanyian, MN 16) of Eurasia as well as
Protopliophenacomys parkeri (Late Hemphillian),
Ophiomys mcknighti (Blancan 1), and Cosomys
taylori (Middle Blancan) of North America; all of
which are characterised by increasing height of
crowns, enlargement of the anteroconid in m1,
enlargement of the posterior portion of M3, and the
development of dentine tracts.

Megacricetodon and Democrocricetodon dis-
play dental features indicating that these Miocene
cricetids might have given rise to microtoid crice-
tids and extant cricetids as well. The origin of
Megacricetodon and Democricetodon is far from
clear, but Shamalina from the Early Miocene of
Saudi Arabia (Whybrow et al. 1982) may have
given rise to Megacricetodon (Lindsay 1994) and
Spanocricetodon might be ancestral to Democrice-
todon (Mein 2003). Megacricetodon and Democro-
cricetodon appeared as Asian immigrants in
Europe already in the late Early Miocene (late
Orleanian, MN 4) for the first time and reached
their highest point of evolutionary development and
maximum abundance during the late Middle Mio-
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cene (Late Astaracian, MN 8) and early Late Mio-
cene (Early Vallesian, MN 9). Kowalskia, a
descendant of Democricetodon, made its first
appearance in Europe during Late Miocene (Early
Vallesian, MN 9) and survived until the Late Plio-
cene (Villanyian, MN 16).

During the Vallesian (MN 9 to 10) and possibly
again at the Pliocene transition (MN 13 to 14) dras-
tic ecological changes can be observed with the
spread of more dry open habitats supporting grass-
lands, which is concluded from the increase of
large and small mammal taxa with hypsodont teeth
(Fortelius et al. 2002, 2006). At this time also the
spread of prairies in North America with an
increase of C4 plants has been recorded (Retallack
1997). This is also a period of many other changes
in micromammals, like the MN 9 decline of glirids,
the radiation of Murinae, the MN 10 appearance of
Hystrix, Pliopetaurista, Apodemus etc., and the
extinction of seven cricetine genera. Hypsodont
forms were not only deveolped in cricetines, but
also in murines (e.g., Microtia).

During the Late Miocene some cricetids with
brachyodont-bunodont molars developed a more
complex tooth crown pattern by the acquisition of
more or less transverse ridges (lophs). Moreover,
the molars became gradually high-crowned. A typi-
cal representative of this stage of cricetid evolution
is Rotundomys bressanus known from the Late
Vallesian (MN 10) in Western Europe. It seems that
the basic lophodont tooth crown pattern of Rotun-
domys bressanus must have been quite similar to
that of the forerunner of early arvicolid forms like
Microtodon that is still to be discovered.

During the Late Vallesian (MN 10) Pannoni-
cola (= Ischymomys) appeared in Eurasia for the
first time and survived until the mid-Turolian (MN
12). The molar pattern of Pannonicola (= Ischymo-
mys) is distinctly more derived than that of Rotun-
domys because its particular molar specialization
resulted in the development of prismatic cheek
teeth with opposing and alternating triangles. Pan-
nonicola (= Ischymomys) belongs to the so-called
Ischymomyini (Topachevskij and Nesin 1992),
which were mostly considered an aberrant side
branch of “micotoid cicetids” that became extinct
during the Turolian without descendants. There-
fore, closer relationship between Pannonicola (=
Ischymomys) and true arvicolids met with disap-
proval (e.g., Nesin and Topachevskij 1991). How-
ever, this rejection is not justified because the
relatively modern molar pattern of Pannonicola (=
Ischymomys) (e.g., mesodont prismatic cheek
teeth, the deep BRA 3 syncline, overall pattern of



chewing surface) indicates closer relationships to
Dolomys (Repenning et al. 1990) and possibly to
Dicrostonyx. If so, Pannonicola (= Ischymomys)
must be considered as one of the most important
starting points of arvicolid evolution leading to the
Ondatrinae (Dolomys, Propliomys) and probably to
the Dicrostonychini (Predicrostonyx, Dicrostonyx).
In various phylogenetic studies based on mitro-
chondrial and nuclear DNA e.g., Galewski et al.
2006, Buzan et al. 2008; Robovsky et al. 2008,
Abramson et al. 2009; Triant and Dewoody 2009)
ondatrins and lemmings are sister taxa to all other
recent arvicolid genera that might confirm this pat-
tern.

The Microtoscoptinae include two North
American genera (Goniodontomys, Paramicro-
toscoptes) and one Eurasian genus (Microtoscop-
tes) and represent an aberrant lineage of
advanced microtoid cricetids known from the Late
Turolian (MN 13) and Early Ruscinian (MN 14) of
Eurasia and the Early Hemphillian of North Amer-
ica.

The molars look rather modern because of the
prismatic structure, however, some buccal and lin-
gual triangles and reentrants are still opposing and
not strictly alternating, as in true arvicolids. In these
chacteristics Paramicrotoscoptes from the Early
Hemphillian of North America is more derived than
Microtoscoptes from the Late Turolian (MN 13) and
Early Ruscinian (MN 14) of Eurasia. Nesin and
Topachevskij (1992) suggest closer relationships
between Microtoscoptes and Pannonicola (= Ischy-
momys), however, this suggestion needs further
study.

Because of this unique feature we consider
the genera Microtoscoptes, Paramicrotoscoptes,
Goniodontomys, and Pannonicola as representing
primitive microtoid cricetid branches of the first
independent hypsodont-prismatic dental adapta-
tion; the first three in Eurasia and North America
and the less hypsodont, more primitively rooted but
more alternating-triangled and younger Pannoni-
cola only in Eurasia.

Along with Microtocricetus, the three genera
of the subfamily Microtoscoptinae belong to the
earliest Late Miocene prismatic cricetid in the
Northern Hemisphere; the records of Goniodonto-
mys and Paramicrotoscoptes in the Early Hemp-
hillian of Idaho, Nevada, Wyoming, Oregon, and
Nebraska predate the Old World sites with Micro-
toscoptes. Consequently, the Mongolian, Siberian,
and Russian occurrences of Microtoscoptes seem
to represent North American immigrants that
crossed the Bering Land Bridge. This immigration

PALAEO-ELECTRONICA.ORG

does not preclude the possibility that the unknown
ancestor of Paramicrotoscoptes and Goniodonto-
mys came to North America from Eurasia.

Microtoscoptinae are known earlier in North
America than in other parts of the Northern Hemi-
sphere and must have dispersed to Asia during the
faunal exchange that took place in the Late Mio-
cene (Repenning 1987). Neither Paramicrotoscop-
tes nor Goniodontomys are known from Late
Hemphillian faunas of North America (Repenning
1987).

Baranomys, which ranged in Europe from the
Early Ruscinian (MN 14) to Early Villanyian (MN
16) and Anatolomys from the Late Turolian (MN
13) and Early Ruscinian (MN 14) of Asia share
some dental similarities with Eurasian Microtodon
(MN 13, MN 14). However, in contrast to Microt-
odon and other arvicolid taxa, the Baranomyinae
never developed additional prisms (triangles) in the
anterior portion of the m1. Therefore, the Barano-
myinae are to be considered as an aberrant side
branch, like the Trilophomyini, which were widely
distributed in Europe during the Ruscinian (MN 14,
MN 15) and Early Villanyian (MN 16).

The most successful (in number of taxa and
geographic distribution) evolutionary line of arvi-
colid evolution can be traced through Microtodon,
Promimomys, and Mimomys that gave rise first to
Microtus and later to Arvicola. The ancestor of
Microtodon (MN 13, MN 14) is still unknown. Spe-
cial attention needs to be given to Promimomys sp.
from the Late Turolian (MN 13) of eastern Europe
and western Asia (Zazhighin and Zykin 1984)
because it displays a molar pattern apparently in
between Microtodon and Promimomys. Mimomys
evolved from Promimomys. Among the oldest and
larger species are Mimomys antiquus from the late
Early Ruscinian (MN 14b) of Siberia (Zazhigin
1980), Mimomys vandermeuleni, and Mimomys
davakosi from the early Late Ruscinian (MN 15a)
of the Iberian Peninsula and southern Europe,
respectively, followed by Mimomys hassiacus
known primarily from the Late Ruscinian (MN 15b)
and Early Villanyian (MN 16) of central Europe.

The Ruscinian was the starting point of two
important “directions” of Mimomys evolution in
Europe (the taxa cited below are not in all cases in
ascendant-descendant relation): (1) Mimomys with
Mimomys vandermeuleni (early MN 15a), Mimo-
mys davakosi (late MN 15a), Mimomys hassiacus
(MN 15b/Mn 16a), Mimomys polonicus (MN 16b),
Mimomys pliocaenicus (MN 17), Mimomys savini
(Biharian), Arvicola mosbachensis (early Toring-
ian), Arvicola terrestris (late Toringian); and (2)
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Mimomys with Mimomys gracilis (MN 15), Mimo-
mys stehlini (MN 16), Mimomys reidi (MN 17),
Mimomys pusillus (Biharian). Later on Pusillomi-
mus, Pliomys, Clethrionomys, Borsodia, Villanyia
etc. appeared. Further investigations are expected
to solve the question whether these sequences
represent true lineages or merely Stufenreihen with
members that invaded successively from Asia.

It has been suggested (Kotlia and Koenig-
swald 1992; Kotlia 1994) that Mimomys (Cseria)
dispersed to southern Asia where it evolved to
Kilarcola prior to 2.5 Ma. The immigration of Mimo-
mys (Cseria) was correlated with the megafaunal
turnover in southern Asia that took place about 2.5
Ma (Kotlia and Koenigswald 1992). Kilarcola that
existed in geographic isolation south of the Hima-
laya and gave rise to the following lineage (Kotlia
1994): Kilarcola indicus — Kilarcola indicus sahni —
Kilarcola kashmiriensis. Note that Kilarcola kash-
miriensis was referred to Mimomys (Aratomys)
kashmiriensis by Repenning (2003, p. 484). Prior
to these discoveries, Mimomys (Cseria) cf. gracilis
and Mimomys sp. were reported from Hadji Rona
(Sarobi Basin) in Afghanistan (Sen et al. 1979),
likely of Ruscinian age.

The center of origin of Promimomys was
located in the northern parts of Asia. According to
Repenning (1987), a Late Hemphillian dispersal
event introduced Promimomys, which was first
described as Prosomys mimus (Shotwell 1963) to
North America. The North American Promimomys
mimus seems to be slightly more primitve than Pro-
mimomys insuliferus from the Early Ruscinian of
Europe (Repenning et al. 1990).

Also Nesin and Nadachowski (2006) consider
evolutionary centers of early arvicolids in both Eur-
asia and N-America.

It has been suggested that Promimomys
became extinct in North America, but gave rise to
Mimomys in Asia (Repenning 1980, 1987). A dis-
persal framework established by Repenning (1980,
1987, 2003; see also Repenning et al. 1990) pro-
poses that Mimomys entered North America via
the Bering land bridge during Blancan | for the first
time, followed by further immigration waves from
the Eurasian continent. This model was challenged
by von Koenigswald and Martin (1984) who
argued, based on their studies of Schmelzmuster,
that early Mimomys never immigrated to North
America. According to these authors it is more
likely that the North American Cosomys, Ophio-
mys, and Ogmodontomys (considered as subgen-
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era of Mimomys by Repenning 1987) and the
Eurasian Mimomys developed in parallel from the
Promimomys basic stock (von Koenigswald and
Martin 1984). In contrast to von Koenigswald and
Martin (1984), Martin (2003b) has recently sug-
gested that Mimomys occurred in North America
but was limited to the early Pleistocene (early
Irvingtonian) species Mimomys virginanus and
Mimomys dakotaensis. We agree that Promimo-
mys gave rise to Mimomys and its long history with
extended diversification of several subgenera and
many species in Eurasia. Nevertheless, we think
that the fossil record in North America may suggest
a more complicated iterative dispersal pattern of
immigration and endemic evolution followed by
diversification, and that the solution of the Mimo-
mys question is a topic requiring more material and
extensive further study.

The fossil record of microtoid cricetids and
early arvicolids in Eurasia is remarkably complex.
The discussed fossil record and the complete lack
of hypsodont species of the American Copemys
indicate that the place of origin and the primary
evolutionary centre for arvicolids were situated in
the northern parts of Asia. The present large arid/
semiarid areas indicate extensive grass plains —
the suitable habitat for both microtoid and arvicolid
ancestors.
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